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ABSTRACT 
This thesis describes the molecular and functional analysis of the leech Hillarin and 
its Drosophila homolog D-hil. Leech Hillarin was identified by screening a leech expression 
library with the mAb Lan3-15, which specifically labels the axon hillock region of leech 
neurons. Database searches revealed that leech Hillarin has a number of potential homologs 
in a variety of organisms such as yeast, cyanobacterium, fly, nematode, mouse and human 
and that these proteins share two novel protein domains, the W180 domain and the H 
domain. The W180 domain is enriched with tryptophans whereas the H domain shares high 
number of invariant residues among family members and was named since it was first 
described in Hillarin. Drosophila member o f this protein family, D-hil, is localized to the 
neuropil of central nervous system neurons, the cortex of metaphase S2 cells, and the 
cleavage furrow of dividing S2 cells. The protein level of D-hil starts to increase 12 hours 
after egg laying and the expression persists into adult stage, indicating the expression of D-hil 
is developmentally regulated. Pnut, a Drosophila septin member, was identified as an 
interactor of D-hil. The interaction is supported by the co-immunoprecipitation and co-
localization results. Furthermore, GFP-D-hil in transfected S2 cells co-localizes with Pnut 
and F-actin. Genetic interaction studies between a mutant Pnut allele and a mutant D-hil 
allele suggest that they function in the same genetic pathway since D-hilPnut double mutants 
show double amount of polyploid cells in the third instar larval brains compared to that of the 
Pnut single mutants. This genetic interaction between D-hil and Pnut further supports their 
interaction in vivo. 
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GENERAL INTRODUCTION 
DISSERTATION ORGANIZATION 
This dissertation is composed of four chapters. The first chapter is the general 
introduction in which current knowledge of the H protein family is introduced. Then the 
process of cytokinesis and a group of important players in cytokinesis (the septin family 
members) are discussed in detail. Their structure, relevance to the cytoskeleton, roles in a 
number of cellular processes such as cytokinesis, cell cycle regulation, cell polarity 
maintaining, vesicle trafficking and axon guidance are covered. Finally the advantage of the 
leech and Drosophila model system is briefly introduced. 
The second and third chapters are organized in the paper format. The first one is a 
paper published in BIOCHIMICA ET BIOPHYSICA ACTA in June of 2001. The second 
paper is a manuscript being prepared for submission. The first paper describes the 
identification and sequence analysis of leech Hillarin. It also introduces a novel protein 
family with W180 and H domains and shows the conserved structure of these two domains 
among leech, fly, and nematode. The second paper presents the molecular and functional 
analysis of D-hil, the Drosophila member of this novel protein family. It shows that D-hil 
molecularly and genetically interacts with the septin family member Pnut and through which 
D-hil is involved in the neuroblast cell division in the third instar larval brains. 
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The fourth chapter is the general conclusions in which current knowledge of Hillarin 
and D-hil is summarized and their possible function is proposed and directions of future work 
are suggested. 
Reference of the general introduction and the general conclusion are listed in the 
section of Reference Cited. 
BACKGROUND 
The Hillarin protein family 
The development of the nervous system is a central topic under extensive exploration 
for centuries and much progress has been made in understanding the molecular basis of the 
organization and regulation of this network. However, we are still far away from completely 
understanding the complex wiring of the nervous system. A powerful approach to decipher 
this system is to identify effectors involved in it, as well as factors that modulate the function 
of these effectors. One effective way to identify these effectors is to clone and study genes 
which are expressed in a specific subset of the nervous system or in particular subcellular 
structures by using monoclonal antibodies as probes (Johansen and Johansen, 1995; Huang et 
al., 1997). The monoclonal antibody Lan3-15 specifically labels the axon hillock of leech 
neurons, a region of particular interest with respect to its organization and physiology. Using 
this antibody to screen a leech expression library we identified and sequenced a full-length 
cDNA which we named Hillarin due to its specific localization in the hillock region. By 
database searches we further identified a novel family of proteins with similar domain 
composition as Hillarin. All of them contain the W180 domain which is enriched with 
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tryptophans. The H domain shares high number of invariant residues in all the family 
members except in yeast and cyanobacterium (Ji et al., 2001). This family of proteins has 
been found in a variety of organisms such as yeast, nematode, leech, fly, mouse and human 
(Korinek et al., 2000; Blanco et al., 2001; Ji et al., 2001; Vargas et al., 2002). The existence 
of homologs from unicellular organisms to mammals indicates that they might play an 
important role in certain basic cellular processes. 
So far a few members of this protein family have been characterized in the molecular 
level. The mutations of the mouse homolog, Ky protein, which is localized to muscles, cause 
a degenerate myopathy preceding kyphoscoliosis. The ky/ky mice have abnormally arranged 
neuromuscular junctions in numerous small patches rather than the well ordered structure 
observed in the wild-type, which suggests that Ky protein is required for the maturation and 
stabilization of the neuromuscular junction (Blanco et al., 2001). The yeast homolog, Cyk3, 
was identified by screening the suppressors of the iqgl lethal phenotype (Korinek et al., 
2000). Iqgl (Cykl), a IQGAP-related protein and potential effector of Cdc42 (Bi and Pringle, 
1996), promotes acto-myosin contractile ring formation and is required for cytokinesis and 
viability through the interaction with Mlclp, a light chain of the type V myosin (Shannon and 
Li, 2000). Cyk3 was found to suppress the cytokinesis defective phenotype of cykl without 
restoring the acto-myosin ring. In cyk3 null mutants, the cells are viable, with an aberrant 
mother-bud neck and deficient in cytokinesis. However, the organization of the acto-myosin 
ring appears normal, revealing the role of Cyk3 in cytokinesis is independent of the acto-
myosin contractile ring and it might be involved in secretory targeting or septal formation 
(Korinek et al., 2000). Ltd-1 protein, which is the nematode homolog, is expressed 
throughout the seam cell division process and forms tightly bundled filaments in the apical 
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region of the dorsal and ventral hypodermis, similar to the distribution of actin and tubulin 
bundles in C. elegans. These observations indicate that Ltd-1 might be involved in cell 
division (Vargas et al., 2002). 
Cytokinesis 
Cytokinesis is the process of the mitotic cell dividing into two daughter cells. There 
are four continuous sub-processes involved in cytokinesis. The first step is to specify the site 
of the cleavage furrow. In large cells such as those in early marine invertebrate embryos it is 
determined by the interactions between the spindle and the cortex (Rappaport, 1985), 
whereas in small cells such as vertebrate and Drosophila cells the central spindle alone is the 
determining factor (Cao and Wang, 1996; Bonaccorsi et al., 1998; Giansanti et al., 1998). 
The next step is the construction of the acto-myosin contractile ring, which consists of actin 
filaments and bipolar myosin II filaments, at the determined site. The contractile ring forms 
the cleavage furrow since it is confined to a narrow band of cortex. It is a very thin (0.1-
0.2um) array of actin filaments attached to the plasma membrane at many sites around the 
equator, assembled with myosin II filaments. The assembly and function of the contractile 
ring are regulated by Rho GTPase and its effectors in the pathway (Prokopenko et al., 1999; 
Smith et al., 2002). Several Formin-Homology proteins, such as fly Diaphanous, mouse 
pl40Dial, and nematode CYK-1, are also involved in organizing and regulating the 
contractile ring (Swan et al., 1998; Wasserman, 1998; Prokopenko et al., 2000). Moreover, a 
number of actin-binding proteins also play essential roles in mediating the organization of the 
contractile ring. For example, anillin may mediate the interaction between the cell cortex and 
the contractile ring (Field and Alberts, 1995; Oegema et al., 2000), whereas profilin interacts 
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with FH proteins and regulates the assembly of the contractile ring (Giansanti et al., 1998). 
The exact role of the contractile ring in cytokinesis is not well understood. Genetic 
experiments in yeast suggest that the acto-myosin contractile ring is dispensable for 
cytokinesis since cells lacking acto-myosin ring can still divide into two daughter cells 
though the efficiency of cytokinesis decreases (Bi et al., 1998). It has been proposed that it 
might provide a mechanochemical force for the constriction or/and act as a scaffold for 
signaling molecules or vesicles needed for generating new membrane for daughter cells. The 
third sub-process is the constriction of the acto-myosin ring, which leads to furrow 
ingression. Finally, new membrane is inserted into the constriction sites to allow the 
formation of membrane for daughter cells. At this stage, there is a significant increase of the 
cell surface area at the constriction site. New membrane is inserted adjacent to the leading 
edge of the furrow. The source of the membrane is thought to come from the Golgi-derived 
vesicles, which move along the microtubule track using a motor transport system to the 
membrane fusion site and fused with the invaginating plasma membrane. Therefore, new 
membrane for the daughter cells is created. Syntaxin, a t-SNARE protein essential for vesicle 
trafficking, is thought be to involved in this process since mutations of syntaxin in C. elegans 
disrupt cytokinesis and depletion of Syntaxin 1A by RNAi in S2 cells also causes defective 
cytokinesis (Jantsch-Plunger and Glotzer, 1999; Somma et al., 2002). 
During these four sub-processes, the coordination between F-actin and the 
microtubules is critical for the contraction and membrane transportation (Scholey et al., 
2003). Although the precise mechanism of dependency is still not clear, it is thought 
microtubules might act as tracts for transporting signaling molecules involved in establishing 
and maintaining the contractile ring and assist in delivering membrane-containing vesicles 
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needed for the new membrane generation. A number of proteins which are involved in 
aligning the vesicles and regulating the membrane and contractile ring interactions have been 
identified and among them the septin family is the best studied (Pollard, 2002). 
The septin gene family 
Septins were first identified in S. cerevisiae as a group of cell division cycle (CDC) 
regulatory genes such as CDC3, CDC 10, CDCll, and CDC 12 (Hartwell, 1971; Haarer and 
Pringle, 1987; Kim et al., 1991). Later Sep7, SPR3, SPR28 and SPR7/SHS were also added 
to the list of this family (Fares et al., 1996; Carroll et al., 1998; Mino et al., 1998; McMillan 
et al., 1999). They were cloned in yeast by analyzing temperature-sensitive mutants which 
had defects in cytokinesis and budding. The loss of septins coincided with the loss of neck 
filaments in the budding yeast, therefore resulting in defective cell division. Up to now 
septins have been widely distributed in the fungi and animals except in plants (Field and 
Kellogg, 1999; McMillan et al., 1999; Trimble, 1999; Kartmann and Roth, 2001; Momany et 
al., 2001). 
Septin family members are GTPases, containing conserved GTP-binding motifs (G1 
(GXXXXGKS/T), G3 (DXXG) and G4 (XKXD)) at the N-terminus and coiled-coil domains 
at the C-terminus. The GTPase sequence diverges from Ras at key residues that are 
implicated in catalyzing GTP hydrolysis (Field and Kellogg, 1999). The septin complex 
isolated from Drosophila embryos binds one mole of GTP per septin polypeptide. However, 
the rate of GTP hydrolysis is very slow (ti/2 > lOh in Mg2+ - containing buffer) (Field et al., 
1996). It is thought GTP binding promotes septin polymerization but GTP hydrolysis does 
not cause the disassembly of septin filaments. The GTP binding may serve a more structural 
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role, similar to a tubulin in the microtubule formation (Mendoza et al., 2002; Sheffield et al., 
2003). However, how the GTP-binding motif regulates the function of septins is still a 
mystery. And little is known about the physiological significance of the GTPase domain of 
septins. 
The septins are able to form a ring of filaments, ~ 7-9 nm in diameter (Field et al., 
1996; Hsu et al., 1998; Kinoshita et al., 2002). They are tightly bundled, facing the plasma 
membrane in the cytoplasm of the mother-bud neck. The yeast filaments are around 32 nm 
measured by negative staining (Frazier et al., 1998). In rat, the filaments are around 25 nm as 
analyzed by quick-freeze/deep-etch electron microscopy (Hsu et al., 1998). Septin filaments 
in Drosophila are constructed from the repeated subunits, which are around 26 nm long, 8 
nm thick, composed of at least three septin polypeptides, Sepl, Sep2, and Pnut, with a 
stoichiometry of ~ 1: 1: 1. The biochemical analysis suggests a model in which the septin 
complex in Drosophila is a heterotrimer of septin homodimers joined end to end with some 
overlap. This simple linear polymerization model makes septins different from actin and 
tubulin polymers, which are undergo nucleated polymerization (Field et al., 1996). However, 
the exact structure and arrangement of the septin filaments are still not fully understood and 
yet under extensive investigation. It is certain that revealing the structure of septin filaments 
will greatly advance the understanding of their functions in various processes. 
The relationship between septin filaments and cytoskeleton 
Septin filaments are closely related to the cytoskeleton. Septins co-localize with actin 
bundles on the basal surface and arcs of F-actin at the perimeter of fibroblast cells. 
Furthermore, the co-localization between septins and actin bundles can be perturbed by drugs 
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that disrupt actin organization (Xie et al., 1999). In Drosophila embryos, septins co-localize 
with actin filaments at the advancing membrane front during cellularization (Fares et al., 
1995). A biochemical screen for microfilament/microtubule-associated proteins identified 
Drosophila septin family members, Pnut, Sepl, and Sep2, indicating the interaction between 
the cytoskeleton and septin filaments (Sisson et al., 2000). However, septin filaments do not 
interact with actin bundles directly in physiological buffer conditions (Kinoshita et al., 2002). 
An actin-binding protein, anillin, is able to organize actin into bundles and also recruits the 
septin complex to the actin bundles, which were demonstrated by visualization under the 
fluorescence microscope (Finger, 2002; Kinoshita et al., 2002). The plekstrin-homology (PH) 
domain together with the flanking region of anillin is necessary to recruit the septin filaments 
to ectopic aggregates (Oegema et al., 2000). In Drosophila anillin mutants, the septin 
localization at the cellularization front in the mutant embryos were disrupted, providing 
evidence of anillin-septin interaction in vivo (Field, 1999). There are likely other adaptor 
proteins playing similar roles as anillin during interphase since at this stage anillin is in the 
nucleus, not co-localizing with actin and septin filaments. However, there may be other 
mechanisms for assembly of septins under the cortex along actin filaments during interphase. 
For example, GST-Sept5 can interact with certain phospholipids in vitro, suggesting septins 
might directly interact with the lipid bilayers (Zhang et al., 1999). Another possibility is that 
interaction between septins and syntaxins might also recruit septin filaments to the membrane 
(Beites et al., 1999). 
Septin filaments are similar to F-actin and the microtubules in many aspects. 
However, they are also very different from these two essential cytoskeleton components. For 
example, assembly into higher-order of filaments is not required for septins' function in yeast 
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since normal cytokinesis and axial budding still occur in cdclO mutants even though these 
cells lack bud neck filaments. This character is very different from F-actin and the 
microtubules, which require polymerized filaments for their normal functions. And current 
data suggest that septin filaments do not play a mechanochemical role similar to actin and 
myosin but rather play a structure role in the cells (Field and Kellogg, 1999). 
Septins and cytokinesis 
Septins were first identified as genes involved in cell division in S. cerevisiae. Septin 
mutants had cytokinesis defects and failed to progress normally through cell cycle (Hartwell, 
1971). The localization of septins in the mother-bud neck reflects the role of these proteins in 
separation of mother and daughter cells (Haarer and Pringle, 1987). The identification of 
septin homologs that also localize to the cleavage furrow in other organisms supports the idea 
that the role of septins in cytokinesis has been conserved during evolution (Neufeld and 
Rubin, 1994; Fares et al., 1995; Hime et al., 1996; Longtine et al., 1996; Kinoshita et al., 
1997; Xie et al., 1999). Though the mechanism of cytokinesis is quite diverse in different 
organisms, septins are generally required in the process of cytokinesis in many cell types. For 
example, two C. elegans septins, UNC-59 and UNC-61, were found to be dispensable for 
embryonic cytokinesis. However, these septin mutants show variable cytokinesis defects in 
postembryonic cell division in the neuroblasts of ventral nerve cord (Nguyen et al., 2000). 
Drosophila septins are also essential for the division of certain cell types, which will be 
addressed in detail later in this chapter. Moreover, injection of anti-septin antibodies into 
mammalian cells resulted in cleavage-furrow regression, which perturbed cell division 
(Kinoshita et al., 1997). How septins regulate the process of cytokinesis is still not clear. One 
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hypothesis is that septin filaments act as a scaffold for signaling molecules essential for the 
organization and stabilization of the contractile ring or/and help to align vesicles that carry 
membrane to the site of new membrane formation during cell division (Kinoshita and Noda, 
2001). Meanwhile, septins are also involved in multiple processes such as controlling cell 
cycle, maintaining cell polarity, regulating vesicle trafficking and directing axon outgrowth 
(Kartmann and Roth, 2001; Finger et al., 2003; Moffat and Andrews, 2003). Careful analysis 
of these different activities may help to find the common feature of these diversified 
processes and provide insights into understanding the function of septins and their roles in 
cytokinesis. 
The role of septins in cell cycle 
Septins are involved in regulating the cell cycle, which is mediated through their 
interaction with a number of cell-cycle-related kinases. For example, in S. cerevisiae, it is 
found that Gin4, which is a Niml-related serine/threonine kinase and promotes entry into 
mitosis by negatively regulating the Swel kinase (Barrai et al., 1999), genetically interacted 
with Cdcll and Cdcl2 (Carroll et al., 1998). Moreover, Gin4 was found to interact with 
another septin family member, Cdc3, in yeast two-hybrid interaction assays (Longtine et al., 
1998). Additional evidence of this interaction was provided by affinity chromatography 
experiments in which the Gin4-GST fusion protein pulled down the septin complex, 
including Cdc3, CdclO, Cdcll, Cdcl2 and Sep7 (Carroll et al., 1998). The localization of 
Gin4 to the mother-bud neck to form a ring-like structure was septin dependent while the 
organization of the septin ring was also Gin4 dependent. Another example is the interaction 
between septins and Hsll, another Niml-related kinase. Hsll physically interacts with 
septins and its kinase activity is highly dependent on the formation of septin filaments. In 
budding yeast, the phenotype of the triple mutants of Hsll and its two other related kinases, 
Gin4 and Kcc4, is very similar to that of the septin mutants (Barrai et al., 1999). 
All these data suggest that there is a tight connection between septin filaments and the 
process of the cell cycle through the link of cell-cycle-related kinases. However, the exact 
role of septins in the cell cycle was not clear until recently Snyder's group found that the 
interaction between septin filaments and Hsll can release inhibition of Swel, allowing the 
cell cycle to proceed. Their data support the model in which the assembled septin ring can 
bind to Hsll during the bud formation in yeast, releasing the autoinhibition of its catalytic 
domain and thus activating the kinase. The activated Hsll then recruits Hsl7 and Swel to the 
bud neck where Swel is thought to be degraded, thus allowing activation of mitotic CDKs 
and the progression of the cell cycle (Hanrahan and Snyder, 2003). 
One indirect link between septins and the cell cycle might be the involvement of 
septins in oncogenesis. Recently, some reports show that septins are implicated in 
oncogenesis. Some septins have been repeatedly identified as in-frame fusions with parts of 
the MLL (mixed lineage leukemia) protein. Patients with leukemias frequently show 
chromosomal rearrangements of the MLL coding region with the target regions on other 
chromosomes. CDCrel-1 and another septin like protein, MSF, are among the target regions 
(Kartmann and Roth, 2001). This rearrangement might greatly perturb the normal expression 
profile of some septins and result in an abnormal cell cycle and thus triggering oncogenesis. 
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Septins involved in maintaining cell polarity 
The plasma membrane of many cell types has distinct domains with different 
composition and properties. This asymmetry allows vectorial transport of materials across 
epithelia and unidirectional propagation of signals by neurons. To maintain the cell polarity, 
molecular barriers, which prevent lateral diffusion among different subdomains in the cell, 
are required. Septin filaments are thought to be one of these barriers (Kartmann and Roth, 
2001). For example, in yeast septin mutants, the proper localization of bud-site-selection 
markers Bud3p and Bud4p is disrupted (Halme et al., 1996) and a similar mis-localization is 
also observed for the subunits o f the chitin synthase III complex (DeMarini et al., 1 997). 
Furthermore, the exocytosis and morphogenesis factors Spa2p (a component of the 
polarisome), Sec3p and Sec5p (components of the exocyst) and Myo2 (a type V myosin 
required for actin polarization) are no longer restricted in the bud during isotropic growth 
(Barrai et al., 2000). The high concentration of IST2 (a plasma membrane protein-encoding 
mRNA) in the bud was lost when one of the yeast septin genes, CDC 12, was mutated, 
suggesting CDC 12 is required to keep IST2 from diffusing into the mother part (Takizawa et 
al., 2000). The GEF Ltelp, which regulates the mitotic exit controlling factor Temlp, mis-
localizes in the mother in CdclO and Sep7 mutants, resulting in defects in mitotic exit 
(Castillon et al., 2003). 
All these examples suggest that the role of septins is to maintain cell polarity, 
possibly by forming a barrier that prevents free diffusion of specific factors essential for 
certain cell functions. It is still unclear how the septins are anchored to the plasma membrane 
and how the septin-mediated diffusion barrier is generated at the mother-bud-neck. These are 
open questions waiting for further exploration. 
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Septins ' role in secretion 
Septins are essential for cytokinesis in many cell types. However, septins are also 
expressed in some postmitotic cells such as neurons and heart cells (Kinoshita et al., 1997; 
Hsu et al., 1998). What is the function of septins in these cells? More and more data now 
support the theory that septins are also involved in cell vesicle trafficking and secretion in 
postmitotic cells. One line of evidence comes from the interaction between septins and the 
Sec6/8 complex (called 'exocyst' in yeast). Sec6/8 is involved in tethering and/or fusion of 
exocytic vesicle to the plasma membrane and plays a role in synaptogenesis by accumulating 
or retaining vesicles at active zone. In the budding yeast, the exocyst complex localizes to the 
bud tip early in the cell cycle and redistributes to the mother-bud neck during cytokinesis 
(Wang et al., 2002). The Sec6/8 complex is found to co-immunoprecipitate with a filament 
composed of four mammalian septins. The interaction can be observed in the absence of any 
other proteins, suggesting the interaction is direct (Hsu et al., 1998; Hazuka et al., 1999; Hsu 
et al., 1999). 
Septins are also found to interact with o ther vesicle trafficking proteins. CDCrel-1 
(cell division cycle related-1), a newly identified septin that is mainly expressed in the brain, 
was found to interact with the SNARE protein syntaxin-1. Another splicing isoform, NeddS 
is also in the same protein complex (Beites et al., 1999). CDCrel-1 co-localizes with the 
syntaxin and SNAP-25 in PC 12 cells (Beites et al., 1999). Using the technique of 
immunogold labeling of CDCrel-1, it was found the CDCrel-1 protein is concentrated at the 
presynaptic vesicles in axon terminals (Kinoshita et al., 2000), further suggesting the 
involvement of CDCrel-1 in neurotransmitter release. 
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The direct evidence of septins' role in secretion comes from the analysis of septin 
mutants. CDCrel-1 is required for the platelet secretory response, which is supported by the 
data from CDCrel-1 null mutant mice, in which platelet released more serotonin (Dent et al., 
2002). When CDCrel-1 was overexpressed in PC 12 cells, the secretion of dopamine 
decreased (Dong et al., 2003). These two examples suggest that septins may form some kind 
of barrier near the cell cortex, thus depletion of septins results in more secretion while 
overexpression of septins results in less secretion. Another explanation is that CDCrel-1 can 
bind to syntaxin-1 such that abnormal levels of septins may interfere with the formation of 
the functional SNARE complex, which consists of presynaptic membrane proteins syntaxin-1 
and SNAP-25 and the synaptic vesicle proteins synaptobrevin and synaptotagmin. This 
binding might then perturb the secretion of neurotransmitters or hormones. 
The role of septins in the nervous system 
A number of septins are expressed in postmitotic neurons. Their roles are emerging in 
neuronal d evelopment. It w as f ound t hat M -septin, w hich is a s plicing i soform o f t he H 5 
gene, i nteracts w ith C RMP ( collapsing response m ediator p rotein)/CRAM c omplex. S ince 
CRMP/CRAM is implicated in axon guidance and outgrowth during neuronal development, 
M-septin may also be involved in this pathway (Takahashi et al., 2003). In C. elegans, two 
septin mutants, UNC-59 and UNC-61, showed axon guidance and migration defects during 
C. elegans embryogenesis (Finger et al., 2003). It was also found that the overexpression of a 
GTPase deficient septin, NeddS, caused neurite outgrowth defects in differentiating PC 12 
cells (Vega and Hsu, 2003). 
In addition to the role in neurite outgrowth and axon guidance, septins are also 
implicated in the establishment or progression of neurodegenerative disorders. CDCrel-1 is a 
direct target of Parkin, the E3 ubiquitin ligase implicated in Parkinson's disease (Peng et al., 
2002). Overexpression of CDCrel-1 in the nigrostriatal system of rats induced selective 
dopamine neurodegeneration (Dong et al., 2003). Moreover, septins were found to be 
deposited at pathological cytoplasmic structures such as Lewy bodies and glial cytoplasmic 
inclusions in Parkinson's disease and neurofibrillary tangles and glial tangles in Alzheimer's 
disease. However, whether septins just deposit onto the existing structures or they play a role 
in formation of these structures is still under exploration (Kinoshita et al., 1998; Ihara et al., 
2003). Nevertheless, study the function of neuronal septins undoubtedly will expand our 
knowledge of this gene family. 
Drosophila septins 
Drosophila has five known septins named Pnut, Sepl, Sep2, Sep4 and Sep5 (Neufeld 
and Rubin, 1994; Field et al., 1996; Adam et al., 2000). Pnut, Sepl and Sep2 co-purify with 
each other and share extensive co-localization, suggesting that Drosophila septins may 
function as a complex similar to the case in yeast (Neufeld and Rubin, 1994; Fares et al., 
1995; Field et al., 1996; Longtine et al., 1996; Adam et al., 2000). 
Among the five Drosophila septins, Pnut, the first and best characterized one, was 
initially identified as an enhancer of sina (seven in absentia). It was found that the loss of 
Pnut protein enhanced the sina phenotype, resulted in fewer R7 photoreceptors (Carthew et 
al., 1994). Pnut protein localizes at the cleavage furrows of dividing cells in mitotic cycle 14. 
During cellularization, it is located to the advancing membrane front. It is also detected in the 
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apical surface of photoreceptor cells in the eye imaginai discs, the central nervous system, 
and the ring canals in the male testes (Neufeld and Rubin, 1994; Hime et al., 1996). Pnut null 
mutants are recessive lethal. The mutant animals can complete embryogenesis and live to the 
larval/pupal transition stage. In Pnut null mutants, both the size and numbers of the imaginai 
discs are greatly reduced compared to the wild type, which is indicative of cell cycle defects. 
Multinucleated cells were found in imaginai discs and ovarian follicle cells, and polyploid 
neuroblasts were detected in the third instar larval brains. All these phenotypes suggest Pnut 
is involved in cytokinesis in some Drosophila cell types (Neufeld and Rubin, 1994). 
Moreover, the cross-talk between Pnut and other molecules involved in Drosophila 
cell division also support the involvement of Pnut in cytokinesis. One example is from 
Diaphanous, which is a Formin-Homology (FH) family member in Drosophila. The FH 
family members are generally involved in cytokinesis (Frazier and Field, 1997). Diaphanous 
has genetic interactions with Rhol and the RhoGTPase exchange factor encoded by the 
Drosophila pebble gene, both of which are essential for cytokinesis (Hime and Saint, 1992; 
Prokopenko et al., 1999). The timing of Diaphanous localization to contractile structures is 
similar to those of myosin II, anillin and Pnut but earlier than actin. The dia mutants showed 
multinucleate spermatids and polyploid neuroblast cells (Castrillon and Wasserman, 1994). 
In dia mutants, the distribution pattern of Pnut and anillin in the metaphase furrow, which 
forms a hexagonal array in the wild type, was disrupted. The localization of Pnut and anillin 
at the embryonic cortex in interphase, was also disrupted. Furthermore, the acto-myosin 
contractile ring in the spermatocytes was missing. These phenotypes suggest that Diaphanous 
might recruit anillin and Pnut to the cleavage furrow first, which in turn mediate the 
organization of the actin filaments (Afshar et al., 2000). Pnut also shows genetic interaction 
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with Rasl, which is supported by the fact that heterozygous Pnut mutant enhanced a weak 
Rasl allele, resulting in forked and fused dorsal appendages (Schnorr et al., 2001). Since 
both Pnut and Ras 1 have been implicated in cell division (Neufeld and Rubin, 1994; Prober 
and Edgar, 2000), it can be interpreted that the reduction of these two proteins may disrupt 
cell division in early oogenesis resulting in later effects on egg morphogenesis. Nevertheless, 
all these data indicate that Pnut functions together with other cytokinetic proteins to regulate 
the cell division of Drosophila, further demonstrating the significance of Pnut in Drosophila 
cytokinesis. 
However, Pnut is not required for the cytokinesis of all cell types in Drosophila. No 
cytokinesis defects were observed when Pnut protein was depleted by RNAi in S2 cells. And 
in Pnut null mutants, the ratio of the polyploid cells in the brain is only 10.5%. Pnut is also 
not required for cytokinesis during the process of male meiosis (Somma et al., 2002). 
Furthermore, Pnut germline-clone females can lay eggs, indicating that stem-cell and 
cytoblast divisions in the female germline do not require Pnut protein. The Pnut-deficient 
embryos from these germline-clone mothers can complete syncytial development and the 
early stage of cellularization normally. Some defects such as abnormal actin organization and 
deformed embryos were observed only in the late stage of cellularization and at the 
gastrulation stage, respectively, which suggest that Pnut is either not essential for the early 
embryo development or there exists redundant pathways. Sepl cannot be detected in such 
embryos while Sep2 still maintains a normal expression pattern and level. Thus the depletion 
of Pnut may be compensated by other septin family members such as S ep2 (Adam et al., 
2000). 
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Another Drosophila septin, Sepl, was identified by its homology to yeast septins 
through searching the database. It is expressed at the cleavage furrow of dividing cells and 
the advancing membrane front of cellularizing embryos, indicating that it also plays a similar 
role as Pnut in cytokinesis. They are in the same protein complex, as indicated by co-ip, co-
localization and co-sedimentation results (Fares et al., 1995; Field et al., 1996). In Pnut 
mutants, Sepl protein did not accumulate normally in the developing central nervous system. 
This defect could be due to that Punt is required to recruit Sepl to the proper location, or the 
expression level of Sepl is affected in Pnut mutants, or Sepl protein is not stable since the 
septin complex cannot form in Pnut mutants (Fares et al., 1995). However, Sep2 still 
maintains a normal expression pattern and level in Pnut mutants (Adam et al., 2000), 
implying that some septins (at least Sep2 and possibly Sep4 and Sep5) can still maintain a 
normal expression profile and form a fully or partially functional complex. These 
possibilities are still under investigation. Nevertheless, a better understanding of the 
organization and coordination of these septins in different cellular processes will 
significantly expand our knowledge of this gene family. 
The advantage of using leech as a model system 
To study the complex mechanisms of axon guidance in vivo, leech has proven to be 
an excellent model system to study the axon outgrowth, axon pathway-finding and the 
development of the nervous system because of its simple, segmentally iterated nervous 
system and accessibility to functional perturbation analysis (Muller and Scott, 1981; Jellies 
and Kristan, 1988; Zipser et al., 1989; Johansen et al., 1994). The central nervous system of 
leech consists of a head brain with 4 fused ganglia, a tail brain with 7 fused ganglia and 21 
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iterated segmental body ganglia which contain nearly 400 bilaterally symmetric neurons, 
which are relatively large, some being up to 100 um in diameter (Macagno, 1980; Muller and 
Scott, 1981). These characters greatly facilitate the analysis of anatomical and physiological 
studies. Furthermore, a number of monoclonal antibodies (mAbs), which specifically label 
certain subsets of leech neurons or particular cellular structures, were generated and provide 
a valuable tool to identify proteins involved in the development of nervous system or cellular 
processes with particular interest (Zipser and McKay, 1981). 
The advantage of using Drosophila as a genetic model system 
Drosophila melanogaster is an extremely tractable genetic model system that is 
ideally suited for uncovering molecular processes that govern development. Many of these 
developmental processes are conserved throughout evolution including in humans. In recent 
years the identification and functional characterization of unknown genes has been greatly 
facilitated due to the availability of materials and results from the sequenced genome, 
compiled databases, transposon-inserted lines, genome-wide in situ analysis, genome-wide 
RNAi, and genome-wide yeast two-hybrid assays (Spradling et al., 1995; Miklos and Rubin, 
1996; Celniker, 2000; Celniker and Rubin, 2003). In this study, we combined the leech and 
Drosophila model systems to identify and characterize a novel protein containing W180 and 
H domains that may be involved in regulation of septin-mediated pathways. 
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MOLECULAR IDENTIFICATION AND SEQUENCE ANALYSIS 
OF HILLARIN1, A NOVEL PROTEIN LOCALIZED AT THE AXON 
HILLOCK 
This paper was published in Biochimica et Biophysica Acta 
Yun Ji, Diane Schroeder, Dennis Byrne, Birgit Zipser, John Jellies, 
Kristen M. Johansen and Jergen Johansen 
1 The sequence data presented here have been submitted to the EMBL/Genbank 
Databases under the accession number AF339450. 
ABSTARCT 
The monoclonal antibody Lan3-15 identifies a novel protein, Hillarin, that is 
localized to the axon hillock of leech neurons. Using this antibody we have identified a full 
length cDNA coding for leech Hillarin and determined its sequence. The gene encodes a 
1274 residue protein with a predicted molecular mass of 144,013 Da. Data base searches 
revealed that leech Hillarin has potential orthologs in fly and nematode and that these 
proteins share two novel protein domains. The W180-domain is characterized by five 
conserved tryptophans whereas the H-domains share 21 invariant residues. In contrast to the 
arrangement in fly and nematode the cassette containing the W180- and H-domains is 
repeated twice in leech Hillarin. This suggests that the leech Hillarin sequence originated 
from a duplication event of an ancestral protein with single cassette structure. 
RESULTS AND DISCUSSION 
One way to g enerate probes specific to novel proteins in the nervous system is by 
generating monoclonal antibodies (mAbs) to mixed antigens in extracts from nervous tissue. 
Zipser and McKay [1] applied this approach to the nervous system of the leech and identified 
several hundred such hybridoma lines. An advantage of this approach is that mAbs to 
unknown proteins that serve as markers for specific subsets of neurons [2-4] or for particular 
subcellular structures [5] of interest can readily be identified, molecularly cloned, and their 
amino acid sequence analyzed. The leech is a particularly advantageous organism in which 
to pursue such studies. The leech central nervous system is very simple consisting of a fixed 
number of 33 ganglia: 21 more or less similar midbody ganglia, four ganglia fused into a 
head brain and seven fused into a tail brain, and a supraesophageal ganglion [6]. Each 
ganglion contains very few neurons, less than 400, most of which are bilaterally 
symmetrically arranged leaving no more than about 200-300 types of different neurons per 
ganglion [7]. The ganglia are to a high degree segmentally reiterated, further limiting the 
total number of different neurons within the CNS. These neurons are relatively large, 
ranging in diameter from 20 to 100 pm. The neurons surround a central neuropil forming a 
single layer facilitating anatomical and physiological studies. Here we report on the neuron 
specific staining pattem ofthemAbLan3-15, a m Ab that was originally identified in the 
study by Zipser and McKay [1], and which we have used to clone and characterize the full 
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length sequence of its antigen. 
In whole mount preparations of leech ganglia the axon hillock of the neurons were 
specifically labeled by the Lan3-15 antibody. This is shown in Fig. 1A where the arrows 
point to the darkly stained initial axon segments. At a higher magnification in Fig. IB it is 
clear that the base of the soma from where the axon originates is also labeled. Fig. 1C shows 
a 3D-reconstruction from confocal slices of a Lan3-15 labeled neuron. In such confocal 
images it appeared that labeling was associated with the membrane. On immunoblots the 
Lan3-15 antigen is identified as a single band of approximately 140 kDa (Fig. 2). 
Since the localization of the Lan3-15 antigen to the axon hillock suggested that it is a 
novel protein and since the organization and physiology of this region of the neuron is of 
particular interest we decided to determine the molecular identity of the Lan3-15 antigen. To 
this end we screened lxlO6 plaques of a leech random primed expression vector library [3] 
with the antibody and several positive partial cDNA clones were identified. Subsequently, 
the cDNA library was screened with radiolabeled nucleotide probe generated from the 5' end 
of the original cDNA clones. From this screen several overlapping cDNA clones were 
isolated which are likely to encompass the entire coding sequence since the predicted 
sequence has a 5' ATG initiation codon just downstream from an in-frame TGA stop codon. 
The predicted sequence is for a protein containing 1274 residues (Fig. 3) with a calculated 
molecular mass of 144,013 Da. Due to its localization to the axon hillock we have named 
this protein Hillarin. Several lines of evidence suggest that the Hillarin cDNA corresponds to 
the antigen recognized by the antibody: 1) all clones identified by the Lan3-15 antibody in 
the original screen which were analyzed proved to be derived from the same gene, making 
non-specific cross-reactivity with an unrelated gene product unlikely; 2) the predicted 
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molecular mass of Hillarin of 144,013 Da is close to the relative molecular mass of the Lan3-
15 antigen of 140 kDa as estimated by SDS-PAGE (Fig. 2). 
The complete sequence of Hillarin is shown in Fig. 3. Using the National Center for 
Biotechnology and Information BLAST server the Hillarin sequence was compared with 
known and predicted sequences from other organisms in the databases [8], From these 
searches two hitherto uncharacterized potential orthologous sequences were identified in fly 
(CGI3435) and nematode (Z47811), respectively (Fig. 4). Furthermore, the Hillarin 
sequence was analyzed for similar sequences within itself by the computer program 
COMPARE (part of the GCG suite of programs). This dot plot analysis (data not shown) 
revealed that Hillarin has two different conserved domains that are repeated twice (Fig. 4C). 
Interestingly, the fly and the nematode sequences only have one cassette of these domains 
(Fig. 4C). This suggests that the Hillarin sequence may have been derived from a duplication 
event of an ancestral protein with the single cassette structure. The sequences of the 
conserved domains of Hillarin is aligned with their fly and nematode counterparts in Fig. 4A 
and 4B, respectively. The first domain is comprised of 180 amino acids and is characterized 
by five tryptophans in conserved positions (Fig. 4A, asterisks) wherefore we have named this 
domain W180. The two W180 domains within leech Hillarin are 44% identical on the amino 
acid level whereas the fly and nematode W180 domains are 71% identical. This domain can 
also be found in proteins of unicellular organisms such as the cyanobacterium Synechocystic 
(D90900). The second type of domain found in Hillarin is characterized by 21 invariant 
amino acids among the leech, fly, and nematode sequences (Fig. 4B) and we have named it 
the H-domain since it was first described in Hillarin. Outside the invariant residues there is 
less conservation of amino acids compared to the W180 domain as reflected by the only 28% 
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identity between the two Hillarin H-domains. The H-domains of the fly and nematode are 
58% identical. In addition, sequences potentially homologous to the two types of Hillarin 
domains are present in the draft of the human genome (NCBI Accession NT 022711). 
The molecular cloning of Hillarin and the identification of two potential orthologs in 
fly and nematode, two animals amenable to genetic manipulation, promises to provide new 
insight into the function of W180 and H domain containing proteins. 
The authors wish to thank Anna Yeung for excellent technical assistance. This work 
was supported by NIH grant NS28857 to JJo. 
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FIGURE LEGENDS 
Fig. 1. Immunohistochemical labeling of leech central neurons with Lan3-15 Hillarin 
antibody. (A) The axon hillock of neurons in the anterior packages labeled with Lan3-15 
antibody in a whole mount preparation of a leech midbody ganglion. The arrows point to 
examples of the darkly labeled initial axon segments whereas a few representative somata are 
indicated by an s. The gray hue of the somata represents the level of weak non-specific 
background labeling. Scale bar equals 125 ^m. (B) Higher magnification micrograph of a 
single labeled neuron. The arrow points to the initial axon segment. The soma (s) is 
unlabeled except for the base where the axon originates. Scale bar equals 20 |xm. (C) Stereo 
pair of a 3D-reconstruction from confocal z-sections of a Lan3-15 labeled neuron on a scale 
comparable to that in (B). The labeling is visualized using HRP-conjugated secondary 
antibody in (A) and (B) and by using TRITC-conjugated secondary antibody in (C). 
Fig. 2. Immunoblot of SDS-PAGE fractionated leech CNS proteins labeled with 
Lan3-15. The antibody recognizes a single band with an apparent molecular mass of 140 
kDa. The migration of molecular weight markers are indicated to the right. 
Fig. 3. The complete predicted amino acid sequence of leech Hillarin. Leech Hillarin 
is a 1274 residue protein with a calculated molecular mass of 144,013 Da. 
Fig. 4. Sequence comparison of leech Hillarin with related proteins in fly and 
nematode. (A) Alignment of the two W180 domains in leech Hillarin with the corresponding 
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domains in orthologs from fly and nematode. The five conserved tryptophans characterizing 
this domain are indicated by asterisks. Shared amino acids as well as conservative changes 
(Y/F, D/E, L/V/I, and R/K) are in white type face outlined in black. (B) Alignment of the 
two H domains in leech Hillarin with the corresponding domains in orthologs from fly and 
nematode. The 21 invariant residues characterizing this domain are indicated by asterisks. 
Shared amino acids as well as conservative changes (Y/F, D/E, L/V/I, and R/K) are in white 
type face outlined in black. (C) Diagram and alignment of the domain composition of leech 
Hillarin as compared to the fly and nematode orthologs. Sequence identity on the amino acid 
level between the W180- and H-domains in leech, fly, and nematode is indicated in percent. 
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1 MTSLADFKLE WKAGQHIPP EPPKVTKSDI YDDIAVFSSV DEHAIEESNR NHPTFRDLVW NLCFKHDFSE 
71 LERARAIFRW LTCKDLHKIK FLEVKQNSPE LLLSLFKEGK ATYARIFECI ARHAGLSCVT ILGWAKGVDY 
141 HPGIPLTSQP VNHSWNAIHL DGNWHLVDCH WATRFLRSEH NSPENLIYEY DDFYFITEPD QLCLTHYPED 
211 PVWLLLKAPI LTKEKFEEYP LLKSYFFTSG MHLLNDCSLG VAHAKYGIAV ISVGFSEPTA YTFKLVHGDK 
281 MQETLDGVPL TSYVLQQTLD KQVAYHLRLP QKGDYYLIVF ADVLPEAPTE TGEHVFKAVC EFKIVCDQPV 
351 KGNAIFPQCS DIVWGPDDAT AHRFELTPHT KNGIVEVPNG HIELVFDKKA DIRVYPRLVK EGISAADLKK 
421 GLSVKNEDKT VTIVADLPQE GEYGLEIFAN DPSKHGDMFT HISQYLVAYP GKAIQETYGK VPSEKIYEER 
491 PIIKRIKVDT THRYKPRQFV IKRVPDSDRK QDIYSAEYPI ADGMKKTSSS WTLESVLPE KEYQSWSGD 
561 TFTKEITVKP PADFHVQIQD PDVAPKPEGK NISVQKLFID PRKVFKDLDN HAVQVSGTQH ETVKDIIWHL 
631 IFARGITNEL DKARAIFLWL CSKDLSKLTF VNVEKGSPEE MLMKLKSGDT TYARVYETLC TYAGLHCKTL 
701 TGFAKGAEYK PGMKFAPGQK GQHSWNAVFV NGTWQLVDCH WASRRLVGDK SSADNIRFEL DEYYFMPAPS 
771 QLIFSHFPDE PNWQLLNRQL TQAEFEHLVP CKPAFFKYGL QLYSHVDAII DCNDRVTIRL DCPPNKTKSM 
841 RFTFNLKYED GNEKFGNVPL NQFAMLEVAG NACYITIRPP EKASYLLVIY AKDLDLQSKE GVYGGICEYK 
911 IVSNTSSSPN PFPPCVHSSW GPGDSADKFD LIPQQTGSII QTVKGVAEIK FKLGAKLRFM AKLKNTKDDD 
981 KTLSHYVLHR VIGDEAIFW SPPYAGEFGL EIYANDPETG GQSLLHAYQY LLICKDPASP VQPFPVLPAG 
1051 YLGTQSNFDK IGLRTISHED PYLETNSGEV QISFATSQPL RTSAQLLFVS NDQNKDCSAY VLQQGSASGI 
1121 TFLVKLTEPG FYKFQLFANP ESEPGDSLVG VYNYLINCRS TVASLVPYPK QYGPWKEGSY LYEPLEGHLQ 
1191 HNRSDKGSAS TFNHVYFKLE IPKAIAWW VGEEWTQLEQ KQGGVWEGEV DLEKLWENER KLMVCANLDP 
1261 NDDTSYGTYL EYSM 
Figure 3 
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D-HIL, A NOVEL LIM-DOMAIN CONTAINING PROTEIN 
IMPLICATED IN CYTOKINESIS, ASSOCIATES WITH THE SEPTIN 
FAMILY MEMBER PNUT 
Yun Ji, Kristen M. Johansen and Jergen Johansen 
SUMMARY 
We identified D-hil by homology searching the Drosophila genome with leech 
Hillarin sequence. D-hil belongs to a novel protein family containing W180 and H domains. 
By Western-blot analysis we demonstrated that the expression of D-hil protein is 
developmentally regulated and its expression level is upregulated 12 hours after egg laying. 
Immunohistochemical labeling of Drosophila 12-18 hour embryos with D-hil specific 
monoclonal antibody (mAb) 9E9 showed that D-hil is located in the central nervous system 
of embryos. D-hil is localized to the cleavage furrow of dividing S2 cells as well by labeling 
S2 cells with mAb 9E9. Since the distribution pattern of D-hil is reminiscent to the pattern of 
Pnut, a septin family member, we explored the possible interaction between D-hil and Pnut. 
Co-immunoprecipitation and immunocytochemistry data indicate that D-hil and Pnut are in 
the same protein complex. Furthermore, GFPD-hil in transfected S2 cells co-localizes with 
Pnut and F -actin. In D -hil and P nut d ouble-mutant flies, the r atio of p olyploid n euroblast 
cells was nearly double to that observed in Pnut single mutant flies, indicating that D-hil and 
Pnut function in the same genetic pathway. 
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INTRODUCTION 
Cytokinesis is the process whereby a mitotic cell divides into two daughter cells at the 
end of the cell cycle. There are four continuous sub-processes involved in cytokinesis. First, 
a stimulus signal, which is believed to come from the mitotic spindle, determines the site of 
the future cleavage furrow. Second, an acto-myosin contractile ring, which consists of actin 
filaments and bipolar myosin II filaments, starts to assemble at the determined site. Third, the 
acto-myosin ring constricts, leading to the ingression of the cleavage furrow. Finally, new 
membrane is inserted into the constriction sites to allow the formation of membrane between 
the daughter cells. The source of the membrane is thought to come from Golgi-derived 
vesicles which are targeted to the cleavage furrow and fused with the invaginating plasma 
membrane (Glotzer, 2001). 
Although cytokinesis has been extensively studied for more than 100 years, the 
mechanism of some processes is still not clear. One way to clarify these processes is to 
identify the effectors involved, as well as the factors that modulate the function of these 
effectors. In yeast, IQGAP-type proteins have been shown to play central roles in cytokinesis 
(Lippincott and Li, 1998; Shannon and Li, 2000). Cykl, an IQGAP-related protein, is 
essential for acto-myosin formation and cytokinesis (Shannon and Li, 2000; Osman et al., 
2002). Cyk3, a downstream effector of Cykl, was identified in a suppressor screen for the 
defective cytokinesis phenotype of cykl. cyk3 null mutants fail to complete cytokinesis 
though the c ells are viable with a normal acto-myosin contractile ring, indicating that the 
involvement of Cyk3 in cytokinesis is in an acto-myosin contractile ring independent 
pathway. The aberrant mother-bud neck of cyk3 implies that it might be involved in secretory 
targeting or septal formation (Korinek et al., 2000). Cyk3 belongs to a novel protein family, 
which contains conserved W180 domains and H domains such as those found in a variety of 
organisms including leech, nematode, fly, mouse and human (Blanco et al., 2001; Ji et al., 
2001; Vargas et al., 2002). The first member of this family, leech Hillarin, was identified by 
screening an expression library with the mAb Lan3-15, which specifically labels the axon 
hillock region of leech neurons (Ji et al., 2001). Ltd-1 protein, which is the nematode 
homolog, is expressed throughout the seam cell division process and forms tightly bundled 
filaments in the apical region of the dorsal and ventral hypodermis, similar to the distribution 
of actin and microtubule filaments in C. elegans (Vargas et al., 2002). Here we report that the 
Drosophila homolog, D-hil, is also involved in the process of cytokinesis through interacting 
with the septin family member Pnut. 
Septins are a family of small GTPases first identified as regulators of the cell cycle in 
S. cerevisiae (Hartwell, 1971; Haarer and Pringle, 1987; Kim et al., 1991). Later they were 
found to be widely distributed in different kingdoms, including fungi and animals with the 
notable exception of plants. Each organism has two or more family members, with sequence 
identity ranging from 30-80% (Field and Kellogg, 1999; Trimble, 1999; Kartmann and Roth, 
2001; Momany et al., 2001). Septins polymerize into filament-like structures, of 
approximately 7-9 um in diameter and 2 5-32 nm in length (Field et al., 1996; Hsu et al., 
1998; Kinoshita et al., 2002). Septins are found to co-localize with actin filaments and co-
purify with microfilaments and microtubules (Fares et al., 1995; Xie et al., 1999; Sisson et 
al., 2000). They are essential for cytokinesis in some cell types, but not in all (Hartwell, 
1971; Neufeld and Rubin, 1994; Longtine et al., 1996; Kinoshita et al., 1997; Adam et al., 
2000; Nguyen et al., 2000). Recently more and more reports suggest that septins play 
important roles in maintaining cell polarity, facilitating vesicle trafficking, and regulating 
axon guidance (Field and Kellogg, 1999; Kartmann and Roth, 2001; Finger et al., 2003). 
So far five septin family members have been identified in Drosophila. They are Pnut, 
Sepl, Sep2, Sep4 and Sep5 (Neufeld and Rubin, 1994; Fares et al., 1995; Field et al., 1996; 
Longtine et al., 1996; Adam et al., 2000). Among them Pnut is the most well characterized. 
Pnut was first identified as an enhancer of sina (seven in absentia), which is essential for 
photoreceptor development (Carthew et al., 1994). Pnut has a wide distribution pattern that 
includes the cleavage furrow of dividing cells, the nervous system, the developing 
photoreceptors, the advancing membrane front of cellularizing embryos and the ring canals 
of testes (Neufeld and Rubin, 1994; Hime et al., 1 996). Pnut mutants s how m uninucleate 
cells in imaginai discs and polyploid neuroblasts in brains, suggesting that it is important for 
cytokinesis (Neufeld and Rubin, 1994). Pnut co-purifies and co-localizes with Sepl and 
Sep2, suggesting that Drosophila septins function as a complex similar to the case in yeast 
(Neufeld and Rubin, 1994; Fares et al., 1995; Field et al., 1996; Longtine et al., 1996; Adam 
et al., 2000). 
We report here the identification of the Drosophila D-hil gene, which is a homolog of 
leech Hillarin and yeast Cyk3. D-hil encodes a 97 kDa protein, which is highly expressed 12 
hour after egg laying. D-hil localizes to the central nervous system in Drosophila embryos as 
well as the cleavage furrow of dividing S2 cells. We show that Pnut interacts with D-hil by 
co-immunoprecipitation and co-localization analysis. GFP-D-hil in transfected S2 cells was 
also found to co-localize with Pnut and F-actin. Furthermore, genetic interaction studies 
suggest that D-hil function is involved in regulating the division of neuroblasts and loss of D-
hil enhances the cytokinetic defects observed in Pnut mutant brains. We propose that D-hil 
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acts as an adaptor protein interacting with Pnut to regulate its function at particular 
developmental stages within certain tissues. 
MATERIALS AND METHODS 
Drosophila stocks 
Fly stocks were maintained according to standard methods (Roberts, 1986). Oregon-
R or Canton-S were used for wild-type preparations. The y[l]; P{y[+mDint2] 
w[BR.E.BR]=SUPor-P} KG03 890; ry[506] stock and the y[l]; P{y[+mDint2] 
w[BR.E.BR]=SUPor-P}pnut[KG00478]/SM6a stock were obtained from Bloomington 
Drosophila Stock Center. 
Sequence alignment and phylogenetic tree construction 
Homologous protein sequences were aligned by Clustalw version 1.7 program with 
default settings. A maximum parsimony tree was constructed based on the multiple 
alignments after removal of all columns in the alignment containing one or more gaps. Trees 
were constructed using the PAUP computer program version 4.0b (Swofford, 1993) on a 
Power Macintosh G4. Confidence of the tree topology was assessed by a bootstrap test with 
1000 replicates and indicated on the consensus trees. 
Antibodies 
To generate the D-hil specific monoclonal antibody 9E9, the D-hilM cDNA 
fragment (encoding D-hil amino acids 222-426) was amplified from full-length D-hil cDNA 
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SD03168 (obtained from the Berkeley Drosophila Genome Project) by PGR, cloned in the 
correct reading frame into pGEX4T-3 (Amersham Biosciences), and verified by sequencing. 
The GST-D-hilM fusion protein was purified according to the pGEX manufacturer's 
instructions (Amersham Pharmacia Biotech). Injection of GST-D-hilM fusion protein into 
BALB/C mice and generation of monoclonal hybridoma lines were performed by the Iowa 
State University Hybridoma Facility according to standard protocols (Harlow, 1988). The 
mAb 9E9 is of the IgGl subtype. The Pnut mAb 4C9 developed by (Neufeld and Rubin, 
1994) was obtained from the Developmental Studies Hybridoma Bank at the University of 
Iowa. The Pnut polyclonal antibody KEKK was a generous gift from Dr. Field in Harvard 
Medical School. The anti-a-tubulin mAb (IgGl), anti-a-tubulin mAb (IgM), and anti-GFP 
polyclonal antibody were obtained from commercial sources (Sigma, AbCAM, and 
Molecular Probes respectively). The mAb 6H11 recognizing Chromator was generated in the 
laboratory (Rath et al., submitted). 
Immunohistochemistry 
12-18 hour embryos were dechorionated in 50% Chlorox solution, rinsed with dH]0 
and fixed in a 1:1 heptane: Bouin's fluid (0.66% picric acid, 9.5% formalin, 4.7% acetic acid) 
mixture for 20 minutes at room temperature with vigorous shaking. The embryos were then 
devitellinized in 1:1 heptane: methanol (Mitchison and Sedat, 1983) by shaking at room 
temperature for 1 minute, followed by washing with methanol and then phosphate-buffered 
saline (PBS) for 5-7 times each. The fixed embryos were blocked in blocking buffer (1 x 
PBS with 1% normal goat serum (Cappel) and 0.4% Triton X-100) at room temperature for 
one hour and incubated at 4 °C overnight in diluted primary antibody (9E9 1:10 dilution). 
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The next day the embryos were washed in PBST (1 x PBS with 0.4% Triton X-100), 
incubated with HRP-conjugated goat anti-mouse secondary antibody (1:200) (Bio-Rad) at 
room temperature for 2.5 hours, washed with PBST followed by a PB S-only wash. The 
embryos were incubated in PBS with 0.2 mg/ml DAB (Pierce) and 0.03% H2O2 (Sigma) at 
room temperature for 10 minutes, reaction was stopped by washing with PBS. The final 
preparations were mounted in glycerol and viewed with a 20x objective lens on a Zeiss 
Axioskop. Digital images were obtained using a Spot-cooled charge-coupled device camera 
(Diagnostic Instruments). 
Immunoblot analysis 
Dechorionated embryos from 0-2 hour, 2-6 hour, 6-12 hour, 12-24 hour collections, 
3rd instar larvae, pupae or adults were homogenized in immunoprecipitation buffer (20 mM 
Tris-HCl, 150 mM NaCl, 10 mM EDTA, ImM EGTA, 0.1% Triton X-100, 0.1% NP-40, pH 
8.0) with protease inhibitor aprotinin (1.5 ug/ml) (Sigma) and phenylmethylsulfonyl fluoride 
(1 mM) (Sigma) added. Protein extracts were then boiled in SDS-PAGE loading buffer, 
separated on SDS-PAGE gels, transferred to 0.2 um nitrocellulose filter, blocked in 5% 
Blotto, and incubated with primary antibodies at proper dilutions at 4 °C overnight. The next 
day the filter was washed in TBST (0.9% NaCl, 100 mM Tris, pH 7.5, 0.1% Tween 20) for 
three times, each 10 minutes, incubated with HRP-conjugated goat anti-mouse secondary 
antibody (1:3000) (Bio-Rad) for 1 hour at room temperature, washed three times in TBST for 
10 minutes each, and the signal was detected with the ECL chemiluminescence kit 
(Amersham Biosciences). 
To quantify the D-hil protein level in wild type animals and D-hil homozygous 
mutant animals, an adult fly from each genotype was homogenized in ip buffer and analyzed 
by immunoblot. For quantification of immunolabeling, exposures of immunoblots on Biomax 
ML film (Kodak) were scanned with a flatbed scanner (Epson Expression 1680) and digital 
images were analyzed using the ImageJ software as previously described (Wang et al., 2001). 
The grayscale in these images was adjusted so that only a few pixels in the wild type lanes 
were saturated. Levels in mutant lanes were determined as a percentage relative to the levels 
in the wild type control using tubulin or Chromator levels as a loading control. 
Co-immunoprecipitation assays 
Anti-Pnut mAb 4C9, anti-Dhil mAb 9E9 and control monoclonal antibody were 
coupled to protein G-Sepharose beads by the following procedure: 1 ml of 4C9 hybridoma 
supernatant, 20 ul of 9E9 ascites, or 10 ul of control ascites was coupled to 10 ul of protein G 
beads (Amersham Biosciences) for 2 hours at 4 °C with continuous rotating in 200 ul 
immunoprecipitation buffer. S2 cell lysate (107 cells/ml in ip buffer) was precleared with 20 
ul protein G beads coupled with 10 ul normal mouse serum at 4 °C for two hours. The 
antibody-coupled beads and 200 ul precleared S2 cell lysate were combined and incubated 
overnight at 4 °C on a rotating wheel. Beads were washed 3 times for 10 minutes at 4 °C, 
each with 1 ml of ip buffer. The resulting immunocomplexes were analyzed by SDS-PAGE 
gel and Western blotting according to the standard techniques as described in Jin et al.(Jin et 
al., 1999) using mAb 9E9 to detect D-hil and mAb 4C9 to detect Pnut. 
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Expression of GFP-D-hil in transfected 82 cells 
Full-length D-hil was amplified from D-hil cDNA clone SD03168 by PCR and 
cloned into pMT/V5-HisB vector (Invitrogen) with a SuperGFP tag in-frame at the NH2-
terminus and a V5 tag in-frame at the COOH-terminus. The construct was sequenced at the 
Iowa State University Sequencing Facility to confirm fidelity. Drosophila Schneider 2 (S2) 
cells in the log growth phase were transfected with SuperGFP-D-hil plasmid using a calcium 
phosphate transfection kit (Invitrogen). Stable lines were established by co-transfection with 
pCoHYGRO (Invitrogen) to confer hygromycin resistance. Stable lines were maintained with 
300 ug/ml hygromycin (Invitrogen) in the culture medium. The expression of GFP-D-hil was 
induced with 0.5 mM CuS04 for 24 hours. 
S2 cells were passaged into fresh Shields and Sang M3 insect medium (Sigma) 
supplemented with 10% fetal bovine serum (GIBCO), 1% antibiotics (GIBCO) and 1% L-
Glutamine (GIBCO) 16 hours before the staining. Cells were cytospun o nto poly-L-lysine 
coated coverslips in a 24-well plate, fixed with Bouin's fluid or 3.7% paraformaldehyde in 
PBS for 12 minutes at room temperature, then fixed in -20 °C methanol for 5 minutes, and 
rinsed briefly in PBS. The fixed cells were permeabilized in PBS-0.5% Triton X-100 for 10 
minutes, washed in PBS-0.1% Triton X-100 three times for 3 minutes. Then cells were 
blocked in Abdil (PBS-0.1% Triton X-100, 1% normal goat serum, 0.1% sodium azide) for 
30 minutes with gentle shaking. Coverslips were incubated with primary antibodies in Abdil 
of the appropriate dilution for 1.5 hours and washed in PBS-0.1% Triton X-100 three times 
for 3 minutes. Double labelings were performed using different combinations of antibodies 
against D-hil (mAb 9E9, IgGl), anti-a-tubulin (mAb, IgM), Pnut (rabbit polyclonal serum 
KEKK or mAb 4C9, IgGl), and anti-GFP-antibody (rabbit polyclonal serum). Cells were 
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incubated with the appropriate TRITC-, and FITC-conjugated secondary antibodies 
(Cappel/ICN) in Abdil with appropriate dilution (1:200) for 45 minutes, washed briefly with 
PBS-0.1% Triton X-100, stained in 0.2 ug/ml Hoechst 33258 (Molecular Probes) in PBS to 
stain n uclei i f r equired. To s tain t he F-actin, fixed c ells w ere i ncubated with R hodamine-
conjugated phalloidin (1:50) for 20 minutes, rinsed in PBS-0.1% Triton X-100 and PBS 
sequentially, mounted in 90% glycerol containing 0.5% n-propyl gallate and ready for 
microscopic analysis. 
Confocal Microscopy 
A confocal series of images for each of the labeled preparations were obtained with a 
Leica confocal TCS NT microscope at 1-um intervals using the appropriate laser lines and 
filter sets. An average projection image for each of the image stacks was obtained using the 
NIH-image software. They were subsequently imported into Photoshop where they were 
pseudocolored, image processed, and merged. In some S2 cell images, the neighboring cells 
not at the proper stage of cytokinesis were removed artificially. 
Analysis of D-hil SUPor-P element mutants 
Mapping the SUPor-P element insertion site. Genomic DNA flanking the SUPor-P 
element w as amplified by t he s ingle fly P CR t echnique ( Preston and E ngels, 1 996) u sing 
primers of which one is within the end of the SUPor-P element and the other is within the 
nearby genomic region. PCR products were purified using the PCR Purification Kit (Qiagen) 
followed by direct sequencing. Sequences were aligned with fly genomic sequence to map 
the insertion site. 
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Hatching rate assays. The viability of the SUPor-P element insertion line was tested 
by comparing the hatching rates of progeny from y[l]; P{y[+mDint2] w[BR.E.BR]=SUPor-
P}KG03890; ry[506] or Oregon- R. Eggs were collected on yeasted agar plates and kept at 
room temperature for 48 hours. Hatching viability was measured by comparing the number 
of unhatched fertilized eggs with the total fertilized eggs. 
Pnut and D-hil genetic interaction assay 
To generate a recombined chromosome carrying both Pnut and D-hil mutations, 
female virgin flies of the Pnut SUPor-P element insertion line, y[l]; P{y[+mDint2] 
w[BR.E.BR]=SUPor-P}pnut[KG00478]/SM6a, were crossed with male flies of the D-hil 
SUPor-P element insertion line, y[l]; P{y[+mDint2] w[BR.E.BR]=SUPor-P}KG03890; 
ry[506] and recombination occurred in the female progeny (PnutKG00478/ D-hilKG0389°). 50 
single fly crosses were set up in order to obtain enough independent recombined 
chromosomes with both PnutKG00478 and D-hilKG03890 inserts. The double mutants of D-
hilKG03890 and PnutKG00478 were selected by single fly PCR analysis using primers within the 
end of the SUPor-P element and in the genomic sequences flanking each P-element 
respectively. Lines with positive PCR results for both P element inserts were selected. The 
balancer of the double mutants was changed to T(2,3)SM6a-TM6B. Thus homozygous third 
instar larvae mutants were identified by the non-tubby phenotype and were further tested by 
immunoblot analysis. 
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Squashes of third-instar larval brains 
Third instar larval brains were dissected, rinsed in PBS, and treated with 50 uM 
colchicine (Sigma) at room temperature for 1.5 hours. Tissues were treated by hypotonic 
solution (0.5% sodium citrate • 2H20 in H20) for 10 minutes, fixed by 45% acetic acid for 8 
minutes, and then squashed by standard method (Sullivan, 2000). Slides were stained by 
Hoechst (0.2 ug /ml in PBS) for 2 minutes and mounted in 90% glycerol containing 0.5% n-
propyl gallate for microscopic analysis. Numbers of polyploid and mitotic cells were scored 
blind for the double mutant as well as each individual mutant. 
RESULTS 
Identification of D-hil and Phylogenetic analysis of Hillarin protein family 
By searching the Drosophila genome with leech Hillarin protein sequence, we 
identified the fly homolog which we named D-hil (Drosophila Hillarin). Other homologs 
with similar domain structures in different organisms were also identified such as yeast 
Cyk3, nematode Ltd-1, mouse Ky and human FLJ 33207. All the homologs have conserved 
W180 and H domains. The W180 domain is enriched with tryptophans whereas the H 
domain is unique for this gene family, sharing high percentage of invariant residues (Ji et al., 
2001) except that in yeast and cyanobacterium the identity of their H domains with that of 
other family members is lower. D-hil gene encodes an 818 amino acid protein with a 
predicted molecular size of 94 kDa. Figure 1 shows the complete amino acid of D-hil. The 
W180 domain starts from amino acid 383 and ends at amino acid 560 whereas the H domain 
is between residues 628 and 781. In addition to the W180 and H domains, it contains a LIM 
domain at the NHa-terminus. 
The sequences of the conserved W180 and H domains of Drosophila D-hil are 
aligned with their human, mouse, mosquito, nematode, leech, cyanobacterium, and yeast 
counterparts in Figure 2A, B, respectively. The identical residues between these homologs 
are in white type face outlined in black and the similar residues with positive scores are in 
black type face outlined in gray. 
Figure 3A shows the alignment of the domain composition of mouse Ky protein, 
leech Hillarin, nematode Ltd-1, fly D-hil, yeast Cyk3, and the cyanobacterium member. The 
W180 domain is identified in vertebrates such as human and mouse as well as unicellular 
organisms such as yeast and cyanobacterium, suggesting that the W180 domain has been 
conserved during evolution. The H domain is conserved among mouse Ky, leech Hillarin, 
nematode Ltd-1, and fly D-hil but shares lower identity with that of yeast Cyk3 and the 
cyanobacterium member, indicating that the H domain may not exist in unicellular 
organisms. Among the six protein family members, D-hil and the nematode homolog, Ltd-1, 
share very high identity of their protein sequences. The identity of their W180 domain is as 
high as 71% and their H domains share 58% identity. Furthermore, both proteins contain an 
additional LIM-domain at the NH2-terminus sharing 62% identity. 
To further analyze the evolutionary relationship of this protein family, we constructed 
phylogenetic trees using the maximum parsimony method. Figure 3B shows a consensus tree 
based on conserved sequences from the protein family members. The phylogenetic analysis 
indicates that the D-hil is closest to the mosquito homolog with 100% bootstrap value. 
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Temporal and spatial expression pattern of D-hil 
In order to characterize the D-hil protein, we generated a monoclonal antibody 9E9 
against GST-D-hilM. On immunoblots of embryonic protein extract (12-18 h) or S2 cell 
lysate, mAb 9E9 detects D-hil as a band migrating at approximately 97 kDa, which is slightly 
larger than the predicted molecular mass of D-hil of 94 kDa. The 97 kDa band is not present 
in western blots of the D-hil P-element insertion lines, supporting the specificity of the mAb 
9E9. Occasionally lower bands were also detected by 9E9 that might be the degradation 
products of the 97 kDa band. 
Immunohistochemical labeling of 12-18 hour Drosophila embryos with mAb 9E9 
reveals that D-hil is localized to the neuropil of central nervous system neurons (Fig. 4A). 
Developmental western blot analysis shows that lower levels of D-hil protein are present in 
the 0-2 and 2-6 hour embryos. The level of D-hil protein increases notably 12 hours after egg 
laying and persists into the adult stage (Fig. 4B). This result is also consistent with the 
developmental Northern blot results, showing the 3.6 Kb transcription products of D-hil are 
upregulated 12 hours after egg laying (data not shown). Lower bands were also detected by 
mAb 9E9 in this developmental western blot 12 hours after egg laying. 
Immunostaining of S2 cells with mAb 9E9 shows that D-hil has a dynamic 
distribution pattern during cell cycle. D-hil is localized to the cell cortex in metaphase cells 
(Fig. 4C1). In telophase or at the initiation of cytokinesis, D-hil is observed at the cleavage 
furrow of diving cells (Fig. 4C2). 
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D-hil interacts with septin family member Pnut 
The distribution pattern of D-hil in the embryonic CNS and in the cleavage furrow of 
S2 cells is reminiscent of the Drosophila septin family member Pnut. To explore the possible 
interaction between D-hil and Pnut, we performed co-immunoprecipitation experiments. For 
these immunoprecipitation experiments, proteins were extracted from S2 cell lysate, 
immunoprecipitated using either D-hil or Pnut specific mAbs, fractionated on SDS-PAGE 
after the immunoprecipitation, immunoblotted, and probed with antibodies to Pnut and D-hil, 
respectively. Figure 5A shows that the D-hil mAb 9E9 pulled down Pnut protein, which is a 
60 kDa band also detected in the S2 cell lysate and not present in the control 
immunoprecipitated with mAb 6H11. Figure 5B shows the converse experiment: Pnut mAb 
4C9 pulled down a 97 kDa band detected by D-hil mAb 9E9 which was also present in the 
cell lysate but not in the control immunoprecipitated with mAb 6H11. These results indicate 
that D-hil and Pnut are in the same immunoprecipitation complex. 
In order to determine the relationship of D-hil localization with respect to the Pnut 
protein, S2 cells were fixed with Bouin's fluid and double labeled with D-hil mAb 9E9 and 
Pnut polyclonal antibody KEKK. Figure 6 shows an example of such double-labelings for D-
hil and Pnut specific antibodies. Both Pnut and D-hil were localized to the cell cortex. Their 
distribution patterns were not identical but mostly overlapped, as indicated by the yellow 
labeling in the composite images. 
GFP-D-hil also localizes to the cleavage furrow in dividing S2 cells 
In order to examine the dynamic distribution pattern of D-hil throughout the cell 
cycle, S2 cells stably expressing a full length D-hil with an in-frame NH2-terminus GFP-tag 
(GFP-D-hil), were generated. S2 cells were fixed with 3.7% paraformaldehyde and double 
labeled with anti-GFP polyclonal antibody and anti-Pnut mAb 4C9, and imaged with 
confocal m icroscopy o r epifluorescence m icroscopy. F igure 7 A ( A1-A3, c onfocal i mages) 
shows two separating daughter cells at the end of cytokinesis. Signals of both GFP and Pnut 
were detected at the intracellular bridge connecting the two daughter cells and the intensity of 
the signals started to redistribute to the cell cortex as cytokinesis nears completion. GFP-D-
hil appears to co-localize with Pnut, as judged by the extensive yellow color in the composite 
image. Figure 7 A (A4-A6, confocal images) shows another example of interphase cells. Both 
the GFP and Pnut staining were localized to the cell cortex. The predominant yellow in the 
composite picture indicates that GFP-D-hil has a similar distribution pattern as Pnut protein 
in the cell cortex during interphase. S2 cells labeled with D-hil mAb 9E9 or Pnut mAb 4C9 
show a low intensity signal in the cell cortex in interphase cells (data not shown). Here GFP-
D-hil signal in the cell cortex is much stronger compared to wild type D-hil in S2 cells due to 
the overexpression of GFP-D-hil. Figure 7B shows the expression of GFP-D-hil in S2 cells 
as determined by immunoblot analysis. D-hil mAb 9E9 detects the endogenous D-hil band 
migrating at 97 kDa and the GFP-D-hil band which migrates at around 123 kDa due to the 
additional 26 kDa GFP tag. It is obvious that the GFP-D-hil protein level is much more than 
the endogenous D-hil protein level. 
GFP-D-hil co-localizes with F-actin 
Since Pnut protein is known to interact with actin filaments (Fares et al., 1995; Sisson 
et al., 2000), we compared GFP-D-hil localization to F-actin localization. S2 cells transacted 
with the GFP-D-hil construct were fixed with 3.7% paraformaldehyde and stained with 
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Rhodamine-conjugated phalloidin. It was found that the GFP signal extensively overlapped 
with F-actin in the cell cortex (Fig. 8 upper lanes, confocal images) and also at the cleavage 
furrow of dividing S2 cells (Fig. 8 lower lanes, epifluorescence images). 
Hypomorphic mutant allele of D-hil 
A SUPor-P element (Roseman et al., 1995) inserted in the 5' D-hil genomic region 
was obtained from the Bloomington Drosophila Stock Center. The P element is inserted 14 
base pairs upstream of the transcription start site of D-hil (Fig. 9A), as determined by PGR 
amplification of flanking sequence of the SUPor-P element followed by direct sequencing. 
Homozygous mutants are viable, with approximately a 98.4% hatching rate which is very 
close to the 100% hatching rate of Oregon-R wild type flies (data not shown). Homozygous 
mutant animals have no apparent defects in their CNS and they behave normally (data not 
shown) even though the protein level of D-hil in these adult animals are less than 4% of wild 
type levels as determined by immunoblots (Fig. 9B). 
D-hil genetically interacts with Pnut 
To further characterize the interaction between D-hil and Pnut in vivo, we did genetic 
interaction studies between mutant alleles of D-hil and Pnut by generating double-mutant 
individuals homozygous for both D-hilKG0389° and PnutKG00478. By PGR amplification of the 
flanking region of PnutKG00478 followed by direct sequencing, the KG00478 SUPor-P element 
was found to be inserted 67 base pair downstream of the start methionine, thus decreasing the 
expression level of Pnut protein to less than 1% compared to wild type (Fig. 10A). Pnut and 
D-hil are both located on the second chromosome. In order to generate homozygous double-
mutant animals, it was necessary to recombine both mutations onto the same chromosome. 
The map distance between Pnut (at 44C2) and D-hil (at 57A7) is approximately 32. 
Therefore we expect the recombination rate between these two loci is around 30%, whereas 
half of them (15%) will have both the D-hilKG03890 and PnutKG00478 on the same single 
chromosome.  F  emale  v  i rg in  f l i e s  o fP  nu t K G 0 0 4 7 8 /SM6a  w  ere  c rossed  w  i th  m  a le  f l i e s  o fD-
j-njKG03890 and recombination occurred in the female progeny (PnutKG00478/D-hilKG03890), 
generating a single chromosome with both mutations. Fly lines with both D-hilKG03890 and 
PnutKG00478 were screened out by single fly PGR analysis. In this way 5 independent double 
mutant lines were generated. 
D-hil homozygous mutants are viable. D-hilKG03890, +/ D-hilKG03890PnutKG00478 
animals are also viable, while both the Pnut single mutants and D-hilPnut double mutants die 
at the 1 arval/pupal t ransition s tage. P nut s ingle mutants a nd D -hilPnut d ouble m utants a re 
both balanced by T(2,3)SM6a-TM6B. Therefore the homozygous third instar larvae mutants 
can be characterized by the non-tubby phenotype. Immunoblot experiments showed that both 
Pnut and D-hil protein levels were greatly reduced in the double mutants, verifying the 
candidates screened out by PGR are real double mutants (Fig 10B). 
There is no obvious developmental delay or lethality stage change of the D-hilPnut 
double mutants compared with the Pnut single mutants (data not shown). It has been reported 
that Pnut null mutants have polyploid neuroblast cells in the third instar larval brains 
(Neufeld and Rubin, 1994; Somma et al., 2002). Therefore we checked the ratio of 
polyploidy in both single mutants and double mutants. We did not find any polyploid cells in 
the third instar larval brains of D-hil mutants (0/1109) but did observe polyploid cells in Pnut 
single mutants (71/1251) (Fig. 11 A). In D-hilPnut double mutants the percentage of 
polyploid cells increased to 9.89% (127/1284), nearly the double amount of Pnut single 
mutants. The difference in percentage of polyploid cells between the Pnut single mutants and 
D-hilPnut double mutants is statistically significant (p< 0.0005, test) (Fig. 11B). This 
suggests that D-hil genetically interacts with Pnut, and that D-hilKG03890 may function as an 
enhancer of the phenotype of PnutKG00478. 
DISCUSSION 
In this paper we reported the identification and characterization of D-hil, a 
Drosophila LIM-domain containing protein. It belongs to a novel protein family with 
conserved W180 and H domains, which has homologs identified in a variety of species 
including yeast, leech, nematode, fly, mouse and human (Korinek et al., 2000; Blanco et al., 
2001; Ji et al., 2001; Vargas et al., 2002). D-hil localizes in the central nervous system during 
embryonic stages, the cell cortex of metaphase S2 cells, and the cleavage furrow of dividing 
S2 cells. We also show that Pnut, a Drosophila septin family member, is an interactor of D-
hil by co-immunoprecipitation assays. The extensive co-localization of the two proteins in S2 
cells double-labeled with D-hil mAb 9E9 and Pnut polyclonal antibody KEKK also supports 
this hypothesis. However, at present we do not know whether the interaction is direct or is 
mediated by additional proteins. 
The interaction between D-hil and Pnut might be regulated temporally and spatially. 
Western blot analysis shows that the expression level of D-hil is developmentally controlled. 
The protein level of D-hil increases after the onset of the development of nervous system at 
12 hours after egg laying, whereas the Pnut protein was observed as early as in the mitotic 
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cycle 14 (Neufeld and Rubin, 1994). D-hil localizes to the embryonic CNS, the cell cortex of 
metaphase S2 c ells, and the cleavage furrow of dividing S2 cells, while Pnut has a much 
broader distribution pattern. Pnut localizes to the pseudocleavage furrow of syncytial 
blastoderm and later to the cleavage furrow of dividing cells including S2 cells. During 
cellularization, Pnut is located at the advancing membrane front of embryos. Furthermore, 
Pnut protein is also found in embryonic CNS, larval brains, the developing photoreceptors of 
eye imaginai discs and the testes ring canals (Neufeld and Rubin, 1994; Hime et al., 1996). 
The distribution pattern of D-hil in Drosophila is both temporally and spatially restricted 
compared w ith the expression pattern of Pnut protein, suggesting that D -hil interacts with 
Pnut only at certain developmental stages and within particular tissues. 
Our data showed that there also exists a genetic interaction between the KG00478 
mutant Pnut allele and the KG03890 mutant D-hil allele. Whereas approximately 5% of the 
cells were polyploid in neuroblast squashes from PnutKG00478 brains, in double mutants of D-
hilKG03890 and PnutKG00478 this ratio increased to approximately 10%. This shows loss of D-hil 
increases the severity of cytokinesis defects in Pnut mutants. Therefore D-hil acts as a 
modifier of Pnut during the process of neuroblasts division. This genetic result further 
supports the interaction between D-hil and Pnut. However, the significant yet not dramatic 
enhancement of the polyploid ratio in D-hilPnut double mutants compared to Pnut single 
mutants suggests that D-hil is not a determining factor in the cytokinetic process in which 
Pnut is involved. Though Pnut is essential for the cell division of many cell types (Neufeld 
and Rubin, 1994), its functions in cytokinesis are still not clear. Drosophila has five known 
septins which share high sequence homology (Field et al., 1996; Adam et al., 2000). Thus the 
depletion of Pnut may be compensated by other septins as is the case in mammals (Peng et 
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al., 2002). At present we do not know whether the interaction between D-hil and Pnut is 
direct or m ediated by o ther p roteins and it is possible t hat D -hil m ight a ssociate w ith t he 
septin complex rather than interact with Pnut alone. The loss of D-hil in the Pnut mutant 
background enhances the defects but does not completely block the whole pathway. Thus it 
will be informative to explore the relationship among D-hil, Pnut and other Drosophila 
septins for clarifying their roles in the process of cytokinesis. 
Another interesting feature about D-hil is its distribution pattern relative to actin 
bundles. In S2 cells with a stably transacted GFP-D-hil construct, we observed that GFP co-
localized with F-actin in the cell cortex during interphase and in the cleavage furrow during 
cytokinesis. In Drosophila, the distribution of septins typically overlaps with actin filaments 
(Fares et al., 1995) and septins co-purified with microfilaments (Xie et al., 1999; Oegema et 
al., 2000; Sisson et al., 2000). However, septin filaments do not interact with actin bundles 
directly in physiological buffer conditions (Kinoshita et al., 2002). The identification of 
adaptor proteins that link the septin filaments to the actin bundles has been under study and 
some candidates have been identified (Kinoshita et al., 2002). Anillin is one of the 
candidates. It can recruit septins to the actin filaments and help it assemble along the actin 
bundles (Finger, 2002; Kinoshita et al., 2002). However, there should other factors to play 
such a role since anillin is in the nucleus in interphase when septins co-localize with actin 
filaments in the cortex (Kinoshita et al., 2002). In this study we observed that GFP-D-hil and 
F-actin co-localized under the cortex in interphase and the co-localization persisted through 
cytokinesis at the cleavage furrow. Thus D-hil might be one of the candidate adaptors, which 
recruit septin filaments to the actin bundies ateertain stages. Future investigations in this 
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direction will lead a better understanding of how septins and microfilaments operate together 
in cytokinesis and other cellular processes with dramatic membrane changes. 
For over 100 years, the process of cytokinesis has been under extensive study and 
remarkable progress has been made in understanding the mechanism. However, it is clear 
that the pool of candidate cytokinetic proteins is still largely incomplete. Herein, we provide 
evidence to show that D-hil is a new effector involved in cytokinesis through the interaction 
with Pnut. Its yeast homolog Cyk3 is also involved in cytokinesis possibly by regulating the 
targeting ofvesicles for septals formation (Korinek et al., 2000). Therefore the conserved 
roles between these two homologs open new avenues for the study of W180 and H domain 
containing proteins and also provide new insights into the mechanism of cytokinesis. 
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FIGURE LEGENDS 
Fig. 1. The complete predicted amino acid sequence of D-hil. The conserved amino 
acids characterizing the LIM domain are indicated by red diamonds. The W180 domain is 
highlighted in yellow and the H domain is highlighted in green. 
Fig.2. Sequence alignments of the W180 domains and the H domains for D-hil and its 
homologs. The identical residues between these homologs are in white type face outlined in 
black and the similar residues with positive scores are in black type face outlined in gray. (A) 
Alignment of the W180 domain in fly D-hil with the corresponding domains in homologs 
from other organisms. (B) Alignment of the H domain in fly D-hil with the corresponding 
domains in homologs from other organisms. 
Fig. 3. The alignment of the domain composition of six H protein family members 
and a consensus maximum parsimony tree of H protein family. (A) Diagram and alignment 
of the domain composition of D-hil as compared to the mouse, leech, nematode, yeast, and 
cyanobacterium homologs. Sequence identity on the amino acid level between the W180 and 
H domains is indicated in percent. (B) The consensus tree is based on an alignment with all 
gaps removed. The unrooted tree is depicted with associated bootstrap values from 1000 
iterations. 
Fig. 4. The temporal and spatial expression pattern of D-hil. (A) Labeling of a 12-18 
hour embryo with D-hil specific mAb 9E9 shows that D-hil protein localizes to axons within 
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the CNS neuropil. (B) Proteins extracted from different stages were separated in SDS-PAGE 
gel and probed with the mAb 9E9. Tubulin antibody labeling is shown below as a loading 
control. 9E9 recognizes a band migrating at 97 kDa, which is slightly larger than the 
predicted size of D-hil of 94 kDa. Lower levels of D-hil protein were detected in 0-2 and 2-6 
hour stages. The level of D-hil protein increases 12 hours after egg laying and the expression 
of D -hil p ersists i nto adult s tage. Lower b ands were also 1 abeled by the 9E9 antibody 1 2 
hours after egg laying in this immunoblots. The migration of molecular mass markers in 
kilodaltons is indicated to the left. (C) The dynamic distribution pattern of D-hil during cell 
cycle in Drosophila S2 cells. S2 cells were double-labeled with mAb 9E9 (IgGl) and anti-
tubulin antibody (IgM). The pattern of tubulin staining is used as a marker for different 
s t ages  o  f  c  e l l  c  yc le .  C  e l l s  were  a l so  s  t a ined  wi th  Hoechs t  3  3258  in  o rde r  t o  v i sua l i ze  the  
nuclei. In metaphase D-hil localizes in the cell cortex as indicated in CI. During telophase D-
hil localizes to the cleavage furrow of dividing cells as indicated in C2. (D) Immunoblot 
analysis of S2 cell lysate shows that mAb 9E9 recognizes the same 97 kDa band in S2 cell 
lysate as in the Drosophila protein extract. 
Fig. 5. D-hil and Pnut co-immunoprecipitation experiments. (A) Immunoprecipitation 
was performed by incubating the precleared S2 cell lysate with the protein G-Sepharose 
beads coupled with D-hil antibody (mAb 9E9) or with the control antibody (mAb 6H11). The 
resulting immunocomplexes were analyzed by SDS-PAGE and Western blotting using Pnut 
antibody (mAb 4C9) for detection. Pnut is detected as a 60 kDa band in the S2 cell lysate 
(lane 2) as well as in the D-hil mAb 9E9 immunoprecipitation sample (lane 1) but not in the 
control immunoprecipitation sample (lane 3). The lower band in both lane 1 and lane 3 is the 
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antibody band that migrates at approximately 55 kDa, very close to the 60 kDa Pnut band. 
(B) Immunoprecipitation was performed by incubating the precleared S2 cell lysate with the 
protein G-Sepharose beads coupled with Pnut antibody (mAb 4C9) or with the control 
antibody (mAb 6H11). The resulting immunocomplexes were analyzed by SDS-PAGE and 
Western blotting using D-hil antibody (mAb 9E9) for detection. D-hil is detected as a 97 kDa 
band in the S2 cell lysate (lane 2) as well as in the Pnut mAb 4C9 immunoprecipitation 
sample (lane 1) but not in the control immunoprecipitation sample (lane 3). 
Fig. 6. Co-localization between D-hil and Pnut in Drosophila S2 cells. S2 cells were 
double-labeled with D-hil mAb 9E9 and Pnut polyclonal antibody KEKK. Both Pnut protein 
(green) and D-hil protein (red) localize to the cell cortex. The predominantly yellow color in 
the composite images (comp) shows extensive overlap between Pnut and D-hil though the 
distribution is not identical. 
Fig. 7. Co-localization between GFP-D-hil and Pnut in S2 cells transacted with GFP-
D-hil. S2 cells transfected with a GFP-D-hil construct were fixed with 3.7% 
paraformaldehyde and double labeled with anti-GFP polyclonal antibody and anti-Pnut mAb 
4C9. (A) The distribution of Pnut protein (red) and GFP-D-hil protein (green) are highly 
coincident as indicated by the yellow color in the composite images. The expressed construct 
is diagrammed beneath the pictures. (B) Westem blot analysis indicates the expression of 
GFP-D-hil protein in S2 cells. D-hil mAb 9E9 detects the endogenous 97 kDa D-hil protein 
and also the 123 kDa GFP-D-hil protein that migrates approximately 26 kDa higher due to 
the GFP tag. 
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Fig. 8. Co-localization between GFP-D-hil and F -actin in S2 cells transfected with 
GFP-D-hil. S2 cells transfected with the GFP-D-hil construct were fixed with 3.7% 
paraformaldehyde and stained with Rhodamine-conjugated phalloidin. GFP-D-hil (green) co-
localizes with F-actin (red) in the cell cortex and the cleavage furrow. The extensive co-
localization is indicated by the predominantly yellow color in the composite images. 
Fig. 9. P-element insertion in the D-hil locus. (A) The insertion site of the SUPor-P 
element, KG03890, is 14 base pairs upstream of the D-hil transcription start site. (B) Western 
blot with D-hil mAb 9E9 of extract from homozygous D-hilKG03890 adult flies and that from 
the wild type control. Tubulin antibody labeling is shown below as a loading control. The D-
hil protein level in homozygous adult mutants is knocked down to approximately 4% 
compared to wild type adult animals. 
Fig. 10. The generation of D-hil and Pnut double mutants. Female virgin flies of 
PnutKG00478/SM6a were crossed with male flies of D-hilKG0389°. Recombination occurred in 
the female progeny (PnutKG00478/D-hilKG03890), generating a single chromosome with both 
mutations. Pnut single mutants and D-hilPnut double mutants are both balanced by 
T(2,3)SM6a-TM6B, thus the homozygous third instar larvae mutants are characterized by the 
non-tubby phenotype and further analyzed by immunoblots. (A) The SUPor-P element, KG 
00478, inserted into Pnut coding region, reduces the expression level of Pnut protein to less 
than 1% compared to the wild type control. The 130 kDa Chromator band is shown above as 
a loading control (B) In homozygous D-hil and Pnut double mutants, the expression levels of 
D-hil and Pnut are severely reduced compared to the wild type control. The 130 kDa 
Chromator band is shown as a loading control. 
Fig. 11. Genetic interaction between D-hilKG03890 and PnutKG00478. Third in-star larval 
brains from homozygous mutant animals (D-hilKG03890, PnutKG00478, and D-hilKG0389° 
PnutKG00478) were squashed and stained with Hoechst 33258 to visualize nuclei and 
chromosomes. (A) Polyploid cells were found in both Pnut mutant and D-hilPnut double 
mutant brains, whereas no polyploid cells detected in Dhil mutant brains. A1 shows Hoechst 
staining of a normal diploid cell. A2 is a tetraploid cell. And A3 is an octaploid cell. All these 
three types of cells were observed in both PnutKG00478 and D-hilKG03890 PnutKG00478 
homozygous mutant brains. (B) The ratio of polyploid cells observed in double mutants is 
nearly double that of single Pnut mutants. The ratio of polyploid cells for D-hil single 
mutants is 0 (0/1109); the ratio for Pnut single mutants is 5.68% (71/1251), whereas the ratio 
for D-hilPnut double mutants is 9.89% (127/1284). The difference is statistically significant 
(p< 0.0005, y test). All brain squashes were scored blind for the double mutant as well as 
each individual mutant. 
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GENERAL CONCLUSION 
Identification of leech Hillarin 
Leech Hillarin was identified by screening an expression library with the monoclonal 
antibody Lan3-15. Hillarin localizes to the axon hillock of leech neurons, which is 
recognized as the site of summating incoming information and is critical for determining the 
initiation of axon potentials. This region also regulates the anterograde transportation of 
different neurotransmitters, movements of proteins from the central cell body into the axon 
tips, and also retrograde transportation of materials from the axon tip back to the cell body 
(Okhotin and Kalinichenko, 2001). The specific localization of Hillarin to this region 
suggests that it might play a role in the organization and physiology of this region. 
Using the Hillarin sequence to search the NCBI database, we identified a novel 
protein family with similar domain compositions. Members of this protein family have two 
conserved domains that we named the W180 domain and the H domain, respectively. The 
W180 domain is enriched with tryptophans whereas the H domain shares high number of 
invariant residues among family members and was named since it was first described in 
Hillarin. It is interesting that leech Hillarin duplicated its W180 domain and H domain 
compared with other homologs, suggesting that the Hillarin sequence may have been derived 
from a duplication event of an ancestral protein with the single cassette structure (Ji et al., 
2001). 
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D-hil is a novel gene located in the embryonic CNS as well as the cleavage furrow of S2 
cells 
D-hil was identified by searching the Drosophila database using the leech Hillarin 
sequence. In addition to the conserved W180 domain and H domain, D-hil contains a LIM-
domain at the N-terminus, which is a protein-protein interaction motif (Khurana et al., 2002). 
D-hil encodes a 97 kDa protein which expression level is upregulated 12 hours after egg 
laying, correlated with the onset of embryonic nervous system development, and the 
expression of D-hil persists into the adult stage. D-hil protein localizes to the central nervous 
system of Drosophila embryos, the cortex of metaphase S2 cells, and the cleavage furrow of 
dividing S2 cells. 
D-hil might be involved in a redundant pathway 
A SUPor-P element inserted 14 base pairs upstream of the D-hil transcription start 
site decreases D-hil protein levels to less than 1% compared to the wild type controls. 
However, in this mutant line the homozygous flies are viable, with normal hatching rates and 
no obvious aberrant behaviors, suggesting that D-hil might be involved in a redundant 
pathway. Thus it is possible that the loss of D-hil function can be compensated by the 
activities of other proteins. This hypothesis is also supported by the lack of obvious 
phenotypes observed in the nervous system of D-hil mutants. The specific distribution 
pattern of D-hil in the nervous system suggests that it might be involved in CNS organization 
and regulation. In order to test these possibilities, homozygous mutant embryos were stained 
by neuronal markers such as 22C10, 1D4, and BP 104. Approximately 3% of the embryos 
showed axon guidance defects such as aberrant midline crossing and discontinued extension 
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of axons. We had not been able to eliminate the possibility that it was caused by the genetic 
background. Thus to test whether this phenotype was due to the loss of D-hil, P-element 
excision experiments were performed to obtain fly lines in which the P-element was 
precisely excisized from the D-hil locus. The restoration of D-hil protein in these excision 
lines was confirmed by immunoblot analysis. Embryos of these precise excision lines were 
stained by neuronal makers and similar defects were observed as in the mutant CNS. Thus it 
is clear that the axon guidance defects observed in D-hil mutants are caused by this line's 
genetic background, notby the 1 oss of D-hil protein. Therefore, the D-hil mutants do not 
show any specific or obvious defects in hatch rate, viability, and axonal pathfinding, 
suggesting that D-hil may be involved in redundant pathways. One powerful method to 
identify the function of redundant pathway genes is to ectopically express the protein in a 
region where it is not normally active (Phelps and Brand, 1998; Rorth et al., 1998). Thus 
overexpression of D-hil in certain tissues such as the eye disc or in the developing nervous 
system may be an e ffective w ay t o a nalyze i ts f unctions. H owever, one n eeds tobev ery 
careful in interpreting the results because overexpression of a gene in a particular cell type 
may produce a phenotype even when a given gene does not play a role in the development of 
that particular cell type. 
D-hil molecularly interacts with Pnut 
In this study, we identified Pnut as an interacting partner of D-hil. Pnut is a 
Drosophila septin family member that is important for cytokinesis in some cell types 
(Neufeld and Rubin, 1994; Somma et al., 2002). Pnut has a broader expression profile than 
D-hil. It is expressed as early as in the 14th division cycle in the pseudocleavage furrow of 
syncytial blastoderm and is also distributed in the cleavage furrow of dividing cells, the 
advancing membrane front of cellularizing embryos, the ring canals of testes, the 
photoreceptor cells of the eye imaginai discs, the embryonic CNS and larval brains (Neufeld 
and Rubin, 1994; Fares et al., 1995). The distribution pattern of Pnut protein in the cleavage 
furrow of dividing S2 cells and the pattern in the CNS are quite similar to the pattern of D-
hil, suggesting that they may associate with each other at these locations. Co-
immunoprecipitation results showed that D-hil and Pnut interact with each other molecularly. 
Furthermore, double labeling experiments also showed that the distribution of D-hil in S2 
cells largely overlaps with the distribution of Pnut though they are not identical. The GFP 
signal in S2 cells transacted with a GFP-D-hil construct also co-localizes with the 
endogenous Pnut signal, further supporting the co-localization between these two proteins. 
Therefore, all these results suggest that D-hil and Pnut interact with each other and the 
interaction is regulated temporally and spatially. 
D-hil genetically interacts with Pnut 
Our genetic experiments results suggest that D-hil and Pnut are involved in the same 
genetic pathway. In the D-hilPnut double mutants, the ratio of polyploid neuroblast cells is 
almost doubled compared to the ratio in Pnut single mutants. D-hil mutants have no 
polyploid cells observed in the mutant brains so it is not an additive effect. This observation 
suggests that D-hil genetically interacts with Pnut, regulating the role of Pnut in the 
neuroblast cell division. However, the low ratio of polyploid cells suggests that Pnut is not 
absolutely required for the neuroblasts division. Since Pnut shares high homology to other 
Drosophila septins, it is possible that the loss of Pnut can be compensated by other septins. 
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This hypothesis is also supported by other observations. For example, no cytokinetic defects 
were observed in S2 cells in which Pnut protein was depleted by RNAi (Somma et al., 2002). 
Moreover, Pnut is not required for the cellularization process though it localizes to the 
advancing membrane front in cellularizing embryos (Adam et al., 2000). Thus it is not 
surprising that the loss of Pnut protein only results with 5% polyploid cells in the mutant 
brains, whereas most neuroblasts can still go through the cell division as usual. Our data 
indicate that D-hil interacts with Pnut. However, at present we don't know whether they 
interact directly or via other mediating proteins. Very possibly D-hil interacts with the septin 
complex rather than with Pnut alone since Drosophila septins may function as a complex 
(Field et al., 1996; Adam et al., 2000). Therefore the loss of D-hil in the Pnut mutant 
background enhanced the Pnut cytokinetic phenotype but did not completely block the whole 
pathway. Other septins may still behave normally in the pathway or at least be partially 
functional to allow cell division to proceed as usual. One way to clarify these possibilities is 
to generate triple mutants among D-hil, Pnut and other septin family members, through 
which t he function of D -hil and s eptin f amily m embers in the d ifferent c ellular p rocesses 
could be further investigated. Since D-hil is expressed in the embryonic nervous system and 
implicated in the neuroblasts division, the embryonic CNS and larval brains are candidate 
tissues where potential defects might be observed in the triple mutants. 
GFP-D-hil co-localizes with F-actin 
In S2 cells with a stably transfected GFP-D-hil construct, the GFP signal co-localizes 
with endogenous Pnut signal both at the cell cortex and cleavage furrow. Furthermore, the 
GFP signal has nearly identical distribution as the F-actin distribution in the cell cortex 
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during interphase and at the cleavage furrow during cytokinesis. Drosophila septins were 
reported to co-localize with actin filaments (Fares et al., 1995) and can be pulled down by 
microfilaments columns (Sisson et al., 2000). However, septins cannot interact with actin 
filaments directly in physiological buffer conditions (Kinoshita et al., 2002). There should be 
other adaptor molecules mediating the interaction between septin filaments and actin 
filaments. Anillin, an actin binding protein, is one of the candidates. It was found that anillin 
can recruit the septins to the actin filaments and help organize actin bundles (Finger, 2002; 
Kinoshita et al., 2002). However, anillin functions in this way only during mitosis since in 
interphase cells anillin is in the nucleus while septins co-localize with actin filaments in the 
cell cortex. In this study we observed that GFP-D-hil co-localizes with Pnut and F-actin in 
the cell cortex during interphase. Therefore D-hil might be one of the adaptor proteins 
involved in the recruitment of septin filaments to actin bundles. Furthermore, actin-binding 
proteins were identified using the D-hil H domain as the bait to screen a Drosophila 
Matchmaker 0-21 hours' library (Clontech), suggesting that D-hil might be connected to the 
cytoskeleton directly or indirectly. This hypothesis requires further testing such as 
microfilament pull down assays and/or co-sedimentation assays. Drugs that disrupt the 
cytoskeleton can also be applied in S2 cells to analyze the distribution pattern of D-hil or its 
expression level. 
Other interacting partner candidates of D-hil 
The H domain of D-hil was cloned in-frame into the pGBKT7 vector that contains 
the GAL4 binding domain, the c-Myc tag and the TRP marker. Yeast strain AH 109 was 
sequentially transformed with the pGBK-H and the Drosophila matchmaker 0-21 hour 
embryonic library DNA. The interacting partner candidates were selected on TRP-, LEU-, 
HIS-, and ADE- plates with optimal concentration of 3-AT and further tested for [3-
galactosidase activity using a filter lift assay. Several interacting partner candidates of D-hil 
H domain were identified in this assay. Among them, the interaction of the D-hil H domain 
with Filamin and with Nervana 1 was confirmed by in vitro protein-protein interaction assay 
(overlay assay), respectively (Fig. 1). Filamin, an actin-binding protein, is localized to the 
ring canals of Drosophila oocytes. In Filamin mutants, the organization of actin filaments is 
disrupted and membrane integrity is compromised, resulting in female sterility (Li et al., 
1999; Sokol and Cooley, 1999). Nervana 1, a (3 subunit of Na+/K+ ATPase, is expressed in 
muscles and in excretory tissues and also shows diffuse distribution in the nervous system 
(Sun and Salvaterra, 1995; Sun et al., 1998). Further molecular and biochemical assays are 
needed to investigate the possible interaction between these two proteins and D-hil. Besides 
these two genes, other promising interacting candidates include Kinesin 73, which is a motor 
protein expressed in the nervous system (Li et al., 1997); CG8397, a putative actin-binding 
protein; and Cyclophilin, a cyclin-dependent protein kinase. Further characterization of these 
candidates is needed to confirm the interaction. Nevertheless, newly identified interacting 
partners will shed light on the function of the novel H and W180 domains. 
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Yeast Two Hybrid Screening 
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Fig. 1: (A) The W180 domain and the H domain of D-hil were cloned 
in-frame into pGBK vector, used as baits to screen the Drosophila 
Matchmaker 0-21 hours' library (Clontech). (B) Lift assay results: 
yeast turned blue when cotransformed with bait pGBK-H and 
AD candidate (candidate cloned In-frame into pACT vector).No 
(3-galactosidase activity was observed if cells were transformed only 
with the AD-candldate. (C) Overlay assay: Biotinylated proteins on 
the membrane were overlaid with GST-H or GST and later detected 
with GST antibody. C1 shows the overlay assay results. Biot-Nrv1 
and Biot-Filamln interacted with GST-H, but not with GST only. 
The negative control Blot-Calsensin did not bind to either GST-H or 
GST. C2 shows approxlamteiy equal amount of biotinylated 
protein was loaded in each lane, indicating that under equal loading 
condition, only Biot-Nrv1 and Biot-Fllamin can bind to GST-H. 
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H protein family 
In this study our molecular, cellular, and genetic data all support the interaction 
between the H protein family member D-hil and the septin family member Pnut. This 
interaction may also exist in yeast. Both septins and Cyk3 play important roles in the yeast 
budding. Septins are essential for cytokinesis, and they are the first known proteins to 
localize to the yeast budding site and in turn recruit Myolp to the mother-bud neck to form 
the acto-myosin contractile ring (Bi et al., 1998). Cyk3 is also targeted to the mother-bud 
neck during yeast budding. Its mutants are deficient in cytokinesis but appears to have a 
normal acto-myosin ring, suggesting that Cyk3's role in cytokinesis is likely to be 
independent of the acto-myosin contractile ring and might instead be involved in secretory 
targeting or septal formation (Korinek et al., 2000). Up to now there are no data reporting the 
interaction between yeast septins and Cyk3. However, there is genetic interaction between 
Myolp and Cyk3 since deletion of these two genes in yeast causes cell death while deletion 
of each gene alone does not cause cell death. Thus it is very possible that septins interact with 
Cyk3 since both of them interact with Myolp. Furthermore, the Drosophila homolog of 
Cyk3, D-hil, interacts with the Drosophila septin member Pnut. It is interesting to know 
whether this interaction also exists in yeast. It is certain that the possible conserved 
interaction between the septin family member and the H protein family member in both yeast 
and Drosophila will provide more insights into the mechanism of cytokinesis. 
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